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DEMONSTRATION OF RH ANTIBODIES IN THE NEWBORN AND 
FURTHER EVIDENCE OF THE PATHOGENESIS OF 
ERYTHROBLASTOSIS 


J. M. Hiti, M.D., anp Sou HaBermMan, PH.D. 
DALLAS, TEXAS 


T IS generally accepted that hemolytie disease of the newborn, or erythro- 
| blastosis, with a few possible exceptions is caused by the production of Rh 
antibodies in Rh-negative mothers bearing Rh-positive children. The present 
concept of the pathogenesis of this disease is based upon the reports of Levine 
and Stetson,! Landsteiner and Wiener,? Levine and associates,*°> Wiener and 
co-workers,® * Witebsky and Heide,* and others. If the concept of Forbus?® 
that disease is reaction to injury is applied to erythroblastosis, it would seem 
desirable to attempt to establish the chain of evidence demonstrating the source 
and nature of the injury and the reaction to it. Although the evidence for 
each step in the pathogenesis of the disease is not complete, the sequence of events 
may be outlined as follows: (1) The Rh antigen in the fetal erythrocytes 
inherited from the father (2) gains access to the mother’s cireulation, (3) evok- 
ing a maternal response of Rh antibodies (4) which, in turn, pass across the 
placenta into the fetal circulation or, after birth, are absorbed from the mother’s 
milk and (5) are adsorbed upon the infant’s red cells, (6) resulting in their 
destruction, to produce anemia and jaundice. Further reactions on the part 
of the tissues of the newborn, such as myeloid hyperplasia, ectopic hemato- 
poiesis, and edema, then follow, according to the severity of the disease. While 
the previously mentionéd steps are commonly accepted, it should be noted that 
number 2, the mode of access of fetal cells to the maternal circulation, probably 
cannot be directly determined. However, Levine’? has shown by analogy how 
minute quantities of human red cells may immunize rabbits and suggests that 
comparable numbers of erythrocytes might easily enter the maternal circulation 
through the slight placental defects known to exist. Furthermore, the produe- 
tion of antibodies in the mother is in itself evidence of the introduction of 
antigen of the type present in the fetal cells. 

In this report we are concerned principally with the demonstration of 
evidence for events 4, 5, and 6 in the pathogenesis of erythroblastosis as outlined. 
This evidence consists of the identification of Rh antibodies in fetal serum, their 
specifie adsorption on the cells of the newborn, and the hemolytic destruction 

 Rh-positive human erythrocytes in vitro. The demonstration of Rh antibodies 

he infant has been difficult and uncertain, although Haberman and Hiil" 
‘944 first described the finding of Rh agglutinins adsorbed on the erythrocytes 
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of the newborn as well as free in the serum of cord blood. The adsorbed anti-Rh 
agglutinins were successfully demonstrated by the elution technique of Land- 
steiner and Miller’? in which the agglutinins were removed from the red cells 
into saline solution by brief subjection to 56° centigrade. This method of 
demonstrating adsorbed Rh agglutinins has recently been confirmed by Carter 
and Loughrey.'* Although we have employed the elution technique routinely 
in all cases of hemolytic disease of the newborn since our first report, positive 
tests have been found in only three out of a total of ten eases of erythro- 
blastosis. The presence of antibody adsorbed on the Rh-positive erythrocytes 
of the infant was never demonstrated except when also present free in the 
‘nfant’s serum and in the serum of the mother. The use of the blocking test 
slightly inereased the number of positive demonstrations of fetal antibodies as 
shown in Case 2 (eluate) and in Case 3 (in vivo blocking). 

A new approach to this problem of detecting fetal antibodies is the use 
of antihuman globulin serum. Coombs, Mourant, and Race’: ** have deseribed 
the successful use of such a serum for the detection of weak and incomplete 
or blocking antibodies in various sera from isoimmunized individuals and sug- 
gested it might be employed to identify fetal antibodies not otherwise demon- 
strable. In a recent paper the same authors'® reported on the actual use of their 
method to detect in vivo isosensitization of red cells in babies with hemolytic 
disease. The action of the antihuman globulin serum is to develop an observable 
agglutination where the specifically adsorbed antibodies are not able to do so 


by themselves (blocking or incomplete antibodies). Because of the analogy 
to the photographie development of the visible image, for convenience we have 
applied the descriptive term ‘‘developing test’’ to the use of the antihuman 
globulin serum to develop an obvious agglutination reaction. In our routine 
service we have employed this ‘‘developing’’ serum both as a test for weak 
antibodies in the serum of mothers and as a diagnostic test for hemolytic disease 
of the newborn. 


METHODS 


Testing of the serum of mother and infant was done, in all cases where 
isolmmunization was suspected, by the test tube method of Levine and Stetson.’ 
Wiener’s method was used to detect the incomplete or blocking antibody 
described by Race'’ and Wiener’ as soon as these reports were available. The 
slide test of Diamond and Abelson’® and the conglutination test of Wiener? 
were used in some studies but were not employed routinely. 

Elution Test—The elution technique of Landsteiner and Miller has been 
used routinely to attempt to demonstrate adsorbed Rh agglutinins on the cells 
of the blood of all eases of hemolytic disease of the newborn and on the erythro- 
eytes of all babies whose mothers showed a positive test for Rh antibodies. 
The red corpuscles of cord blood were washed three times in cold saline, thrown 
down by centrifugation, and, after removing the saline the third time, 1 ©. 
of fresh saline was added to a 0.25 ¢.c. aliquot of packed cells. After resus} !)- 
sion these cells were subjected to 56° C. in a water bath for five minutes. -\1 
the end of this period the suspension was immediately spun at 3,000 R.P.M. “or 
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five minutes keeping the temperature at 56° C. with hot water in the centrifuge 
cups. The supernatant saline eluate was removed and recentrifuged to insure 
removal of all infant cells. This hemoglobin tinted fluid was then used with 
known Rh-positive cells by mixing one drop of the eluate with one drop of 
2 per cent suspension of erythrocytes. After one hour incubation at 37° C. 
the tube was centrifuged gently and examined for agglutination. 

Blocking Test——If no clumping was seen in the agglutination test, one 
drop of anti-Rh serum of known poteney was added to each tube and after 
a second incubation of one hour observed for agglutination. Lack of agglutina- 
tion after this addition of known Rh antibody indicated presence of blocking 
or incomplete agglutinins. 

Developing Test—For the purpose of detecting weak Rh agglutinins, 
incomplete antibodies, or immune globulin, an antihuman globulin serum as 
deseribed by Coombs, Mourant, and Race'® was used. If the routine test for 
agglutinins using known Rh-positive cells was negative, the red cells of this 
suspension were washed three times with saline to remove mechanically adherent 
serum proteins. One drop of the developing serum was then added to one 
drop of the suspension of washed Rh-positive erythrocytes. Following the 
incubation for one hour at 37° C. the tubes were centrifuged lightly and 
observed for agglutination. <A positive developing test indicating specifically 
adsorbed immune globulin was shown by definite clumping of the red cells. 


Developing Test for Sensitized Erythrocytes As a possible diagnostic test 


for erythroblastosis, the developing serum was used to demonstrate the presence 
of antibody specifically adsorbed on the red cells in vivo. The erythrocytes of 
suspected cases of hemolytic disease of the newborn were washed three times 
to remove mechanically adherent globulin and then suspended in saline. One 
drop of developing serum was added to one drop of 2 per cent suspension of 
these washed erythrocytes and incubated for one hour at 37° centigrade. The 
tubes were then centrifuged at 500 R.P.M. for one minute and examined for 
agglutination. As a control, one drop of developing serum was added to a 
2 per cent suspension of washed known Rh-positive cells previously suspended in 
serum eontaining known incomplete Rh antibodies. A second control using 
Rh-negative erythrocytes treated in a similar manner was used. Initially a 
third control consisting of a drop of washed Rh-positive cells, not previously 
sitized, plus a drop of developing serum was also employed. 
Demonstration of Hemolytic Activity of Rh Serum in Vitro—To 3 cc. of 
‘tly drawn heparinized Rh-positive whole blood was added 0.3 e@.e. of 
-Rh serum having a titer of 1:20,000 resulting in an effective final titer of 
00. In order to obtain the net hemolysis due to the action solely of the 
‘erum, it was necessary to set up reagent blanks and a suitable control. The 
blank consisted of 0.3 ¢.c. of the anti-Rh serum and 3 ¢.c. of normal saline 
‘ake a final volume equal to that of the test and was used for the purpose 
termining the amount of hemoglobin already present in the anti-Rh serum 
' in the experiment. The second blank was made up of 3 ¢.c. of saline and 
ec. of the normal serum used in the control in place of the anti-Rh serum 
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used in the experiment. The control set up for the purpose of determining 
the amount of hemoglobin released by normal heparinized blood without anti- 
serum consisted of 3 ¢.c. of the same heparinized blood used in the experiment 
plus 0.3 ¢.e. of the normal serum used in the second blank. 

In order to eliminate the possible hemolytie effect of mechanical action or 
introduction of bacterial contaminants, all the blood used in the experiment 
was drawn through a No. 19 needle into a dry 50 ¢.c. syringe and after removal 
of the needle gently expelled into a sterile 125 ¢.c. flask containing 0.2 ¢.e. of 
sterile heparin solution (1,000 units per ¢.c.) and gently rotated. Three eubie 
centimeter aliquots were immediately added to each of twelve sterile test tubes, 
the first six of which contained 0.3 ¢.e. of the 1:20,000 titer anti-Rh serum and 
the second, or control, series of six tubes contained only 0.3 ¢.e. of normal serum. 
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Fig. 1.—The hemolytic action of anti-Rh serum (1:2,000 titer) on heparinized Rh-posi- 


tive whole blood, plotted as net hemolysis (mg. % hemoglobin) after deducting hemoglobin re- 
leased in control blood not treated with anti-Rh serum. 


After mixture, one tube from the experiment and one from the control series 
were immediately centrifuged and the supernatant cell-free fluid analyzed for 
the hemoglobin content by a modification of the Bing and Baker?'* quantatative 
test for hemoglobin. The remaining ten tubes were incubated at 37.5° C. and 
one tube from each series withdrawn at 2, 6, 20, 30, and 48 hours for analysis 
of the hemoglobin content of the supernatant cell-free plasma. The color 
reactions were read in a Lumetron two-cell photoelectric colorimeter using 
narrow band filters and a high sensitivity double reflecting galvanometer. 


’ *The modification consists essentially of the use of highly purified reagent grade benz!- 
dine dihydrochloride (Merck & Company, Inc., New York, N. Y.) in place of the cruder benzl- 
dine base for the benzidine reagent. The use of this product eliminates the necessity of puri- 
fication with charcoal, since a blank using the dihydrochloride produces no appreciable \ lor 
and if stored in an icebox, it maintains its effectiveness for a period of days. 
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Net hemolysis was caleulated in mg. of hemoglobin from the formula 
(Hi — bk) — (HH, — be) = net hemolysis. 
Where 


H, = Mg. % of hemoglobin in supernatant of tubes containing blood and 
antiserum (experiment). 

H, = Mg. % of hemoglobin in supernatant of tubes containing blood and 
normal serum. 


by Mg. % of hemoglobin in first blank (Rh serum + saline). 


b, ns Mg. % of hemoglobin in second blank (normal serum + saline). 


The results are shown in Table II and represented graphically in Fig. 1. 


RESULTS 

Case 1.—O. M. was a severely icteric full-term Rh-positive male infant with enlarged 
liver and spleen and with erythroblasts and normoblasts in the blood. The Rh-negative 
mother had previously given birth to two Rh-positive children. The first was normal and still 
living; the second, icteric at birth, had symptoms suggestive of kernicterus and died at the 
age of 1 year. Before delivery the mother’s serum showed Rh agglutinins with a titer of 
1:20 for Rh{ red cells and 1:40 Rh/’ cells. After delivery the mother’s serum showed 
1:64 and 1:256 titers for the same respective Rh-positive erythrocytes. The infant’s 
cord serum showed positive agglutination against Rh’ cells but not against Rh’. However, 
the eluate from the infant’s erythrocytes contained antibodies which agglutinated both 
Rh’ and Rh’. A transfusion was started one hour after birth (100 e¢c.), and 50 e.e. 
transfusions were given daily thereafter for a week. The child is now living and well. 

Diagnosis: Severe hemolytic disease of the newborn. 


CAsE 2.—H. R. was an icteric full-term Rh-positive male infant with erythroblasts 
and normoblasts in the blood film. The Rh-negative mother had two normal Rh-positive 
children living and well. The mother’s serum after delivery showed a 1:4 titer against 
Rhi and Rh,” erythrocytes and a blocking antibody to 1:2. The infant’s cord serum showed 
a 1:2 titer against Rh-positive cells, but no blocking antibody was demonstrated. The 
eluate of the infant’s red cells showed very weak agglutinins and blocking antibodies against 
Rhf and Rhf cells. Complete recovery followed transfusions of Rh-negative blood, The child 
is now living and well. 

Diagnosis: Moderately severe erythroblastosis. 


Case 3.—K. D., a white, Rh-positive, female, full-term infant apparently was normal 
at birth and turned icteric on the second day. The Rh-negative mother had had one former 
clild which died shortly after labor. There were no previous abortions, miscarriages, or 
transfusions. The mother’s undiluted serum showed agglutination of Rh-positive cells and 
a positive blocking test at a dilution of 1:16. The cord blood was not available for elution 
since this was an outside case. However, the infant’s red cells typed Rh negative on the 
first day. On the second day a weak positive reaction was obtained using the same Rh-typing 
serum. On the third day the child was clearly positive, thus demonstrating that in vivo 
blocking antibody was present on the infant’s erythrocytes at birth. Blood films showed 
progressive increase of erythroblasts and normoblasts with a maximum of 59 erythroblasts 
and 12 normoblasts per 100 leucocytes on the third day. The child was taken off the breast, 
and transfusions were started on that day. At the age of 1 year it was reported that the 
child did not have normal control of muscles. 

Diagnosis: Severe hemolytic disease of the newborn with kernicterus. 


Cas—E 4,—E. K., a white, full-term, normal-appearing, Rh-positive male infant 
developed moderate icterus on the second day. This jaundice cleared up partially by the 
time the babyywas discharged. The erythrocyte count was 6,100,000 per cubic millimeter 
the first day and 5,600,000 on the sixth. In the blood film 2 normoblasts per 100 leucocytes 
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were seen on the second day but none thereafter. The Rh-negative mother showed agglutinat- 
ing antibodies at a titer of 1:32, blocking antibodies at 1:2, and a positive developing test 
at 1:32. The two previous children ages 7 and 3, were living and well. The infant showed 
agglutinating antibodies in the undiluted cord blood serum. No blocking antibodies were 
found. The developing test was not performed on the infant’s blood. No transfusions were 
given. 


Diagnosis: Mild hemolytic disease of the newborn. 


CASE 5.—R. V., a white, full-term Rh-positive infant was stillborn. The mother had 
had four previous pregnancies: the first was stillborn prematurely; the second having 
erythroblastosis was transfused and is now living; and the third and fourth pregnancies 
terminated in abortions. After the first miscarriage the mother had received several trans- 
fusions. The mother’s serum showed an agglutinating titer of 1:64 against both Rh’, and 
Rh erythrocytes, no blocking antibody, and a titer of 1:64 by the developing test per 
formed months later on serum preserved by freezing. Agglutination and blocking tests on 
the cord serum were negative, but a positive result was obtained on the undiluted cord serum 
with the developing test even though the cord serum had been preserved six months by 
freezing. 


Diagnosis: Severe hemolytic disease of the newborn with fetal death. 


CasE 6.—W. C., a white Rh-positive female infant, two weeks premature, appeared 
normal at birth but developed mild jaundice on the second day which cleared by the time 
of discharge on the eighth day. Clinically this was considered to be physiologic icterus. By 
a former husband the Rh-negative mother had had one child which had died of pneumonia 
at ten months. The mother’s serum showed agglutinating antibodies at 1:2 dilution, no 
blocking antibodies, and developing antibodies at 1:64 dilution. The infant’s serum was 
negative to agglutinating, blocking, and developing tests for antibodies. However, the infant’s 
washed erythrocytes gave a 4 plus agglutination with developing serum. After elution these 
red cells failed to clump with the same antihuman globulin serum. Nevertheless the anti 
bodies in the eluate could not be detected even with known Rh-positive cells and developing 
serum, The hemoglobin was 20.15 Gm. per 100 ¢.c. on the third day and 14.14 Gm. on the 
sixth. The child was taken home on the eighth day but became progressively paler. The 
infant’s red cells still tested 3 plus with developing serum on the nineteenth day. As a 
result of this serologic evidence of adsorbed hemolytic antibody still present on the erythro- 
cytes, the baby was taken off the breast and admitted to the hospital. On the twenty-eighth 
day the erythrocyte count was 2,300,000, hemoglobin 6.6 Gm., and the blood film showed 
anisocytosis, stippling, and one normoblast. At this time the infant’s washed red cells still 
showed a 2 plus reaction with developing serum. Two transfusions of 100 ¢.c. each were 
given, and the child was discharged in good condition. At thirty-six days the washed red 
cells gave a negative test with the developing serum. 

Diagnosis: Mild hemolytic disease of the newborn due to Rh isoimmunization aggravated 
by breast feeding. Recovery with transfusion after removal from the breast. 


CasE 7.—M. L., a white, male, Rh-positive full-term icteric infant had 14 per cent 
normoblasts and a red cell count of 4,000,000 on day of birth. The Rh-negative mother had a 
history of two previous pregnancies, with one child, 4 years old living and well and with one 
miscarriage at three months gestation since birth of the first child. No transfusions had 
been given. The mother’s serum showed a negative test for agglutinating Rh antibodies but 
positive tests for blocking antibodies at 1:2 dilution and developing antibodies at 1:10. 
Infant’s erythrocytes were not available for performance of the developing test. The baby 
was given a transfusion of 110 c.c. of blood on the second day which elevated the red cell 
count from 2,800,000 to over 3,000,000. On the fourth and twelfth days additional trans- 
fusions of about 100 ¢.c. each were given. No normoblasts were seen in the blood film after 
the third day, and the red count slowly rose to 4,200,000 on day of discharge. The ‘infant 
had convulsions from the fourth day up to the twelfth day, the most severe seizure on the tenth 
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being accompanied with cyanosis. At last report, about one month later, the child looked well 
but had slightly over 2,000,000 red cells. 
Diagnosis: Moderately severe hemolytic disease of the newborn. 


> 


CASE 8.—J. E. was a white, female, macerated stillborn infant, weighing 3 pounds, 
11 ounces; the estimated period of gestation was eight months, The Rh-negative mother had 
received two transfusions following an appendectomy two years ago. There were no other 
pregnancies. The mother’s serum showed agglutinating antibodies at 1:2 dilution, blocking 
antibodies at 1:32, and developing antibodies at 1:2048. Unfortunately, no specimens were 
obtained from the macerated edematous fetus. 


Diagnosis: Hydropic, macerated fetus apparently due to Rh isoimmunization. 


Case 9.—W. 8., a white, full-term, Rh-positive female infant was apparently normal at 
hirth but turned icteric on the first day. The Rh-negative mother had one previous normal 
child now living and well. There was no history of transfusions or other pregnancies. The 
mother’s serum showed an agglutinating titer of 1:128 for Rh-positive cells, a negative 
blocking test, and a positive developing test at a titer of 1:128. The infant’s serum showed 
negative agglutinating and blocking tests but a positive developing test with the serum un- 
diluted. The baby’s washed erythrocytes, however, showed a 4 plus reaction with developing 
serum. Furthermore, the eluate from the infant’s red cells showed a positive agglutinating 
test at 1:4 dilution and a positive developing test at 1:8. No blocking antibodies were found. 
On the second day after birth the erythrocyte count was 3,456,000 with 15 normoblasts and 
12 erythroblasts. Seventy-five cubic centimeters of Rh-negative blood were given on the second, 
60 ec. on the fourth, and 75 ¢.c. on the sixth day after birth. The child continued to remain 
jaundiced, stools were clay colored, and there was twitching and poor coordination of muscles. 
There was a loss of weight from 7 pounds, 15 ounces at birth to 6 pounds, 15 ounces at the 
seventeenth day. The red cell count at this time was 4,650,000 with 14.4 Gm. of hemoglobin. 

Diagnosis: Severe hemolytie disease of the newborn with liver damage and possible 
kernicterus. 


CasE 10.—W. L., a white, male, Rh-positive full-term infant was normal at birth and 
was discharged in good condition on the fifth day. No jaundice or other significant ab- 
normality was noted at any time. The Rh-negative mother had received several transfusions 
during the three weeks of hospitalization following the delivery of her first child. The 
mother’s serum showed no Rh antibodies by any of the three tests following the delivery of 
this second child. However, the infant’s washed erythrocytes showed definite (2 plus) 
agglutination with developing serum. The eluate of the infant’s red cells and the cord serum 
failed to show antibodies with any of the three tests, agglutination, blocking, or developing. 
Because of the definite developing test with the Rh-positive baby’s erythrocytes it was con- 
cluded that antibodies in the mother’s serum too weak to be detected had passed the placenta 
and had become concentrated on the fetal red cells. Accordingly, the infant was taken off 
breast feedings. 

Diagnosis: Subclinical hemolytic disease of the newborn. 


A summary of the serologic findings in the ten cases described is tabulated 
in Table I. The severity of the erythroblastosis, treatment, and outcome are 
‘o listed. 


] 
di 


Since the developing test applied to erythrocytes of the newborn showed 
mise of being diagnostic for erythroblastosis, its specificity was investigated 
performing routine developing tests on the erythrocytes of all cord bloods. 
‘otal of 365 developing tests on cord cells was done. Of these all tests were 
ative except erythroblastosis Cases 6, 8, and 9, previously described, to- 

gether with Case 10 which did not show clinical erythroblastosis but which 
ented a background and history compatible with a subclinical isoimmuniza- 
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tion. In this series negative developing tests were obtained on both sera and 


cells of five stillborn infants clinically not erythroblastosis. In ‘addition there 
was one hydropie stillborn from which neither serum nor erythrocytes could be 
obtained (Case 8). Clinical icterus was found in four infants negative to the 
developing test, each of which had the same Rh type as the mother. These were 
considered to be examples of physiologic jaundice. 

In Table II are presented the results of the study of hemolytie action of Rh 
antibodies in vitro. It should be noted that significant results such as are shown 
here could not be obtained when complement and Rh antiserum were added 
to a 5 per cent suspension of the same Rh-positive erythrocytes in normal saline. 


DISCUSSION 


The sequence of events in the pathogenesis of erythroblastosis as outlined 
in this paper are now generally accepted. However, many factors concerning 
the maternal antibody response, the concentration of these antibodies in the 
fetal eireulation, their adsorption on fetal erythrocytes, and the mode of 
destruction of these corpuscles, had not been entirely clear. For example, the 
lack of correlation between the severity of the hemolytie reaction and the 
maternal antibody titer and even the lack of demonstrable agglutinins had 
been noted by several authors.??-*° It is believed that evidence is presented in 
this paper which sheds new light on some of these obscure phases of the erythro- 
blastosis problem. 

The successful removal of Rh antibodies from cord erythrocytes by elution 
in three eases of erythroblastosis is significant chiefly as a demonstration of the 
actual sensitization of the infant’s cells preliminary to their destruction and as 
an opportunity to prove the specificity of this reaction by further readsorbing 
the eluted antibodies on known Rh-positive red cells. This readsorption may be 
indicated by agglutination or may require the blocking or developing tests, 
according to the type of Rh antibody involved (see Table I). This proof that 
the eluted material consisted of specifie Rh antibodies of the same type found in 
the mother’s serum indicates their origin in the mother as well as their transport 
across the placenta from the maternal circulation into that of the fetus. The 
specifie nature of the union of the antibody to the Rh antigen of the erythrocyte 
is strongly suggestive of the destructive role this antibody must play in 
sensitizing the red cells for their hemolysis in vivo so characteristic of erythro- 
blastosis. However, the actual hemolytic action of the Rh antibody in vitro had 
not been clearly demonstrated heretofore, although Diamond and <Abelson'® 
had noted hemolysis in doing their slide test with a heavy suspension of red 
cells, 

In Table II the actual hemolysis of Rh-positive erythrocytes in vitro by 
the Rh antibody is shown by the significantly greater liberation of hemo- 
globin as compared to controls. Further studies on the hemolytic activity of 
Rh antibodies in vitro already completed will be reported elsewhere. However, 
these experiments seem to afford evidence that these antibodies can act as 
hemolysins as well as agglutinins in vitro. In comparing the relatively weak 
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hemolysis seen in vitro with the severe hemolysis common in vivo (erythro- 
blastosis), it should be noted that in the latter cases red cell destruction may be 
greatly enhanced by the action of the spleen in its role of phagocytosis of 
slightly damaged corpuscles. Finally, the titer of 1:2,000 effective in the test 
tube is sometimes exceeded in mother’s serum, particularly if the developing 
test is used to demonstrate the titer of anti-Rh immune globulin. 

While the elution technique, in conjunction with the demonstration of 
hemolysis in vitro, presents additional evidence for the sequence of events in 
the pathogenesis of erythroblastosis, it seems to offer little as a test to identify 
antibodies in the infant’s blood. Only in those cases that showed antibodies 
in the serum of the mother were the elution tests on fetal cells positive as de- 
scribed previously by the present authors!! and by Carter and Loughrey.’ In 
the series of cases herein described it was further demonstrated that positive 
elution tests to demonstrate antibody adsorbed on fetal cells were found only in 
those cases in which the cord serum as well as the maternal serum contained 
demonstrable Rh antibodies. 


The whole problem of demonstration of antibodies in mother and child as 
well as attempts to correlate antibody titers with severity of erythroblastosis 
must now be re-examined in the light of new information obtained by the use 
of antihuman globulin serum as a developing test for Rh antibodies. Because 
the test yields observable agglutination it seems to offer some advantage over the 
blocking test in the clear-cut nature of the results and in its sensitivity. It was 


further suggested that the test might be used to detect sensitized red cells in the 
infant when Rh antibody could not otherwise be shown. Since adopting this 
method as a routine developing test in suspected Rh isoimmunizations, we have 
been able to confirm its advantages in respect to its sensitivity for incomplete 
antibodies and to prove its usefulness in demonstrating Rh antibody in the serum 
of mother and infant when other tests failed. 


Of even greater interest is the fact that the developing test not only detects 
incomplete or blocking antibodies but also detects specifie Rh antibodies not 
demonstrable with agglutinating or blocking tests. The developing test also 
shows agglutination when agglutinating Rh antibodies are present, but thie 
clumping reaction is much stronger than that of the agglutinating antibody 
alone. In our cases it may be noted from Table I that the developing titer 
equalled, or far exceeded, the agglutination or blocking titers. In Cases 5 to § 
there are instances of developing titers in mother or baby mueh higher than 
agglutinating or blocking titers and even examples of positive tests when the 
other two tests were negative. This evident difference between the three tests 
indicates that the basic character of Rh antibodies must be different. In the 
ease of the agglutinin which saturates the hapten and produces the visible reac- 
tion of clumping, the classical antibody is seen. In the ease of the blocking re- 
action an antibody is present which is capable of specific hapten saturation w th- 
out the production of clumping. However, in the case of the immune globulin 
demonstrable by the developing serum, the antibody apparently is capable of 
specific adsorption without saturation of the available haptens and without the 
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production of agglutination. That this latter r»-tion is specific can be proved 
by the fact that the adsorption of this immune globulin occurs only with the 
Rh antigen and not with the O, A, B, M, and N antigens. The unique feature 
of this developing reaction in not saturating the available haptens is further 
demonstrated by the fact that after Rh-positive cells are subjected to the immune 
globulin no interference is found with the agglutinability of these cells with 
known Rh-typing serum. For the sake of brevity and in line with the designa- 
tion of agglutinating and blocking Rh antibodies, we have designated this third 
type as developing antibodies. It seems possible that these developing antibodies 
may represent a third order in respect to valence as compared to blocking and 
agglutinating antibodies, arising as incomplete or fractional units of the other 
two forms. 

This developing antibody is of great clinical importance, since it has been 
observed by many investigators that clinical erythroblastosis may occur in the 
Rh-positive child of an Rh-negative mother in whom no antibodies were evident. 
Likewise, it has been noted that the observed titers of maternal antibodies have 
shown little or no correlation with the severity of the disease in the infant. 
Levine*® wisely attributed this inconsistency to the limitations in the sensitivity 
of the techniques then available. The demonstration of the blocking effect by 
Race’? and Wiener’® gave the first evidence that we were dealing with immune 
substanees previously hidden to the ordinary agglutinating test. When the de- 
veloping test was applied to our cases (Table I), further evidence of hidden anti- 
body titers became apparent. In Case 8, for example, the agglutinating titer 
of 1:2 and blocking titer of 1:32 certainly did not suggest the severe form of 
erythroblastosis represented by the macerated hydropie fetus. However, the 
developing titer of maternal antibodies of 1 :2048 correlates well with the severity 
of the injury to the infant. In Cases 6 and 7 relatively mild clinical courses 
could be expected from the moderate developing titers. From the older Cases 
1 to 5 econelusions must be drawn with caution because it may be assumed that 
considerable loss of titer may have occurred during the time the serum was 
preserved in the frozen state, although even here the developing titer was equal 
to, or greater than, the original agglutinating titer. The correlation of titer and 
severity of erythroblastosis must not be overstressed because the individual re- 
sistance of each baby involving questions of compensatory production of red 
cells, liver funetion,?” and other factors is to be considered. 

The application of the developing test to the erythrocytes of the newborn 
shows promise of giving us a specific test for erythroblastosis. The brief evidence 
to cate suggests that this test may satisfy the requirements for sensitivity and 
Spec‘‘icity to fill this role. Since adoption as a routine test sensitized fetal red 
cells have been found in three eases, two with clinical hemolytic disease and one 
in subelinieal form but with suggestive maternal history (Table I). In all four 
cases mothers were Rh negative and infants Rh positive. It should be noted 
that the developing test as applied to washed infant’s cells is not necessarily 
spec fe for Rh antibodies but presumably would detect any specifically adsorbed 
antibody, for example, anti-Hr on Rh-negative cells or anti-A on A erythrocytes. 
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9 


The developing test would also help avoid errors in instances such as Case 3 
where blocking antibody adsorbed in vivo was sufficient to make the infant ap- 
pear Rh negative. In such a ease, of course, the developing test would be posi- 
tive. Case 6 not only illustrates the diagnostic value of the developing test but 
also shows evidence of continuing adsorption of antibodies through the mother’s 
milk. In this instance a strictly laboratory diagnosis of erythroblastosis was 
made on the basis of a 4 plus reaction of washed infant’s cells to the antihuman 
globulin serum. The deterioration in the child’s condition after discharge from 
the hospital and the continued strong developing test on the baby’s cells ean be 
attributed to the breast feeding. After stopping breast feeding the adsorbed 
antibodies were present nine days later, but seventeen days thereafter no sensi- 
tized infant erythrocytes could be found. 

The specificity of the developing test is supported by the negative reactions 
obtained in stillborn infants and cases of jaundice of the newborn in which no 
evidence of erythroblastosis could be found. In most of these the Rh type was 
the same as the mother. If this specificity ean be completely established in 
routine use, this test appears to be of the utmost practical value for diagnosis, 
prognosis, and treatment. 

Analysis of the reported cases of hemolytic disease of the newborn brings 
out two therapeutic considerations. First, the use of early and adequate trans- 
fusion of Rh-negative blood, utilizing the cord route in severe eases, is urgently 
recommended. In Cases 3 and 9, with symptoms of kernicterus, transfusion was 
delayed three and two days, respectively. However, in Case 1, with a previous 
child suffering from kernicterus, a high maternal antibody titer, and strongly 
positive fetal eluate, the infant recovered completely. In this case a transfusion 
of 100 ¢.c. was given in the first hour after birth. Second, the infant should not 
be put on the breast if any Rh antibodies can be demonstrated, even if no clinical 
erythroblastosis is apparent. The developing test on infant erythrocytes prob- 
ably will be sufficiently sensitive to determine this question for Rh-positive babies 
of Rh-negative mothers. 

In addition to the use of developing serum in erythroblastosis, many other 
applications have been made in this laboratory. The results of the use of this 
method to bring out hidden titers in heterophile antibody tests and the Huddle- 
son test for brucellosis will be reported elsewhere. 


In transfusion reactions the developing serum has been useful in determi- 
nating whether a specific isoimmunization has occurred either to Rh or other un- 
identified antigens such as those reported by Race and associates.”° 


SUMMARY AND CONCLUSION 


1. Additional evidence is presented which tends to establish certain steps 
in the pathogenesis of erythroblastosis. 

2. Three varieties of Rh antibodies, namely, agglutinating blocking, 
developing, found in the newborn as well as the mother are described. 

3. Evidence is presented to show that the Rh antibody acts as a hemol) 
in vitro, 
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4, Analysis of ten cases of erythroblastosis shows relatively good correlation 
between severity of the disease and antibody titer as demonstrated by the de- 
veloping test. 

5. Results of therapy in these cases suggests the advisability of immediate 
and adequate transfusion of Rh-negative blood in hemolytic disease of the new- 
born. 


6. Breast feeding is contraindicated when Rh antibodies can be demon- 
strated in the maternal or fetal serum or adsorbed on fetal erythrocytes. 


7. Evidence is presented indicating a high degree of sensitivity and speci- 
ficity for the developing test as used herein to demonstrate isoantibodies against 
human erythrocytes. 

8. The developing test as applied to the demonstration of adsorbed anti- 
hodies on fetal erythrocytes is suggested as a diagnostic test for ervthroblastosis. 
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BLOOD TRANSFUSION STUDIES 


I. THE DIFFERENTIATION OF HEMOLYTIC AND NONHEMOLYTIC TRANSFUSION 
REACTIONS 


EpMUND B. F.utnxk, M.D. 
MINNEAPOLIS, MINN. 


N THE past the classification of transfusion reactions has depended mainly on 
| the degree of fever and the severity of the clinical manifestations, but there 
has not been any general acceptance of a classification which differentiates re- 
actions associated with hemolysis from those without hemolysis. The importance 
of examining the plasma for hemoglobinemia after every febrile transfusion re- 
action has been emphasized by various authors,’ and the recognition of its 
occurrence and fundamental importance has been well known for years. Never- 
theless, in many reports of fatal transfusion reactions information regarding 
hemoglobinuria is lacking, and in most reports no mention is made of hemo- 
globinemia. 


The incidence of reactions of all kinds varies with different reports but 
usually ranges from 3 to 5 per cent. Erf and Jones* report an incidence of 3.2 
per cent in a series of 2,889 transfusions. In this series only two transfusions 
resulting in nonfatal reactions were found to be due to incompatible blood, and 
urticaria developed in 0.3 per cent of the patients. In 1942 Levine® reported the 
incidence of reactions as 4.2 per cent of 522 consecutive blood transfusions and 
2.0 per cent of 149 consecutive plasma infusions. Of these none were hemolytic. 
Wiener and co-workers® described two cases of incompatibility in 3,000 trans- 
fusions. Carlson! reported that 6.0 per cent of 3,388 transfusions of banked 
blood resulted in reactions. Of these eleven cases, or 0.32 per cent, were serious. 
These ineluded three hemolytic reactions (one death), three cases of jaundice 
without other evidence of hemolytic reaction, two anaphylactic reactions, and 
three eases in which cardiovascular embarrassment was prominent. In a series 
of 43,284 transfusions collected from the literature, the incidence of hemolytic 
reactions was 1.8 per 1,000 transfusions and the mortality 1.4 per 1,000 trans- 
fusions.2° 

Wiener and Shaeffer? state that blood older than ten days caused chills and 
fever quite regularly. Icterus could not be detected in patients receiving blood 
less than eight days old, while in patients receiving older blood it occurred regu- 
larly, at times together with hemoglobinemia and hemoglobinuria. Most. in- 
Vvesi'gators agreed that unless the blood is older than nine days the age of blood 
does not influence the incidence of febrile reactions. DeGowin and associates™ 
have demonstrated that the potassium content of the plasma of stored blood 
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does not cause any untoward symptoms or signs. They have warned against the 
heating of donor’s blood because of the occurrence of hemolytie reactions at- 
tributable to overheating of blood. No febrile reactions could be attributed to 
administration of blood at room temperature. 


Hemolytic reactions are most often due to group incompatibility or to the 
occurrence of isoagglutinins, such as anti-Rh agglutinins, and occasionally to 
overheated blood. Hesse’? stresses the use of Group O blood whieh has not been 
cross-matched as a cause of fatal reactions. Many of these reactions may have 
been due to the Rh factor, just as were many severe hemolytie intragroup re- 
actions which were unexplained before discovery of the Rh factor. Aubert and 
co-workers'® demonstrated that 40 per cent of Group O donors have anti-A titers 
of over 1:512; they noted that transfusions of Group O blood of such high anti-A 
titer, or higher, rarely produced an elevation of the red blood cell levels of 
Group A recipients. Severe or fatal hemolytie reactions did not oceur. 
The use of low titer anti-A Group O plasma or blood is satisfactory. There have 
been many reports of the safe use of universal donors. In France the Trans- 
fusion Sanguine d’Urgence of Paris'* had reported no fatalities due to hemolytic 
reactions up to 1939; Group O donors formed almost the sole source of blood for 
the service. Hardin’® compared two series of transfusions in the Army Medical 
Service. There was no difference in the reaction rates between the 7,299 trans- 
fusions of group specific blood and the 9,392 transfusions of universal donor 
blood. 

Transfusion reactions generally fall into the following groups: (1) simple 
febrile reactions due to pyrogenic substances in the solutions, (2) allergic re- 
actions, both anaphylactic and urticarial, (3) cireulatory reactions from too 
‘apid administration particularly to seriously anemie and debilitated patients, 
and (4) febrile reactions accompanied by intravascular hemolysis. DeGowin"™ 
has also recognized a group with jaundice but without intravascular hemolysis. 
Separation of hemolytic reactions from the other varieties, and especially the 
simple febrile reactions, is often impossible on the basis of clinical symptoms 
and signs. The fever and chills may be equally severe, and the patient may 
appear just as ill with either form. Hesse’ has stressed the importance of back 
pain and pain in the legs as evidence of spasm of the renal vessels immediately 
after a reaction to incompatible blood. It is true that many of the patients with 
transfusion reactions followed by renal insufficiency have varying degrees of 
backache and general body aches, but there are enough patients with no charae- 
teristic symptoms to make a differentiation difficult or impossible by symp- 
tomatology alone. Furthermore, aching pains may occur even after a pyrogenic 
reaction to plain crystalloid solutions administered intravenously. When blood 
is administered during anesthesia, fever alone may occur, the subjective reaction 
being entirely absent, and yet the patient may have a severe hemolytic reac‘ion. 
When anuria occurs after an operation accompanied by transfusions, one should 
consider a hemolytic reaction as a likely cause and look for hemoglobinemia im- 
mediately in order to establish the diagnosis. 
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METHOD OF STUDY 


In order to ascertain the significance of hemoglobinemia in reactions to 
transfusions, it was necessary to determine what would occur after ordinary 
transfusions. Therefore, a study was made of a series of fifty-eight transfusions 
given to patients with diseases associated with anemia. Blood specimens were 
obtained just before the transfusion was to be given and within the hour after 
its completion. The Malloy and Evelyn ’method'* was used to determine serum 
bilirubin concentrations in forty-two patients before the blood was given at five 
hours and again from eighteen to twenty-four hours afterward. The blood for 
plasma was collected with a clean dry syringe and needle; 4.5 ¢.c. of blood were 
allowed to run by gravity into a graduated centrifuge tube containing 0.5 c¢.e. 
of 3 per cent sodium citrate solution. The tube was inverted gently only once 
and the cork removed. The blood was centrifuged immediately and the plasma 
volume recorded. The plasma was then separated from the cells using a medi- 
cine dropper. 

The technique of hemoglobin determinations'® is briefly as follows: The 
reagents are chemically pure pyridine, dilute ammonium hydroxide (1 per cent), 
from 0.2 to 0.4 per cent sodium hydrosulfite solution freshly made with dilute 
ammonia, and 3 per cent hydrogen peroxide. In an Evelyn colorimeter tube 
1 ec. (or less) of plasma is diluted to 7.5 ¢.c. with 1 per cent ammonium hy- 
droxide, after which 0.5 ¢.c. of pyridine and 2.0 ¢.c. of fresh sodium hydrosulfite 
solution are added. A ‘‘blank’’ tube is set up simultaneously with all these 
ingredients, except that there is 1.0 ¢.c. less of ammonia to allow for 1.0 ee. of 
3 per cent hydrogen peroxide. Five minutes are allowed for decolorization of 
the contents of the ‘‘blank’’ tube. Using a 550 my filter, one determines the 
galvanometer deflection of the Evelyn colorimeter in the usual manner. The 
concentration is then determined as follows (appropriate correction has to be 
made if less than 1.0 ¢.c. of plasma is used) : 


1000 « L 

—— 
1, = (2 — logarithm of the galvanometer reading) 
K = 1.843 


Concentration — = mg. hemoglobin per 100 e.e. 


The concentration is corrected for dilution by multiplying the value obtained 
Volume of supernatant fluid 
Volume of supernatant fluid — 0.5 ¢.c. ° 
method range from a trace to 6.0 mg. per 100 ¢.c. of plasma. Normal values ob- 
tained by the benzidine method of Bing and Baker?’ range from a trace to 5.0 

mg. per 100 ¢.e. of plasma. 


by the faetor: Normal values with this 





In four of fifty-eight patients with anemia the plasma hemoglobin level 
before transfusion was higher than 6.0 mg. per 100 cubie centimeters. De- 
terminations on the plasma of each of these patients were repeated within an 
hour afterward and before the time of another transfusion and were found to 
be less than 6.0 mg. per 100 c.c., so it is safe to conclude that slight artificial 
hemolysis had occurred at the time of the collection of the first blood specimen 
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TABLE I. HEMOGLOBIN LEVELS BEFORE TRANSFUSION 
“MG. HB. PER 100 ¢.c. _ 
PLASMA NUMBER PER CENT 
0 to 3 ; 48 ae 83.0 
3.1 to 6 6 10.2 
6.1 to 9 : 3.4 
9.1 to 12 , 3.4 


' Total ; S 58 _ 100.0 





(see Table I for the distribution of values for plasma hemoglobin before trans- 
fusion). It is important to note that hemoglobin is not visible in plasma until 
the level is higher than 20 to 25 mg. per 100 ¢.c.; therefore, hemoglobin is not 
visible in properly obtained normal plasma or serum but is easily visible when 
any serious intravascular hemolysis has occurred recently. 

In Table II is shown the range of hemoglobin concentrations in specimens 
of plasma obtained within the first hour after transfusion. Old blood is used to 
designate bank blood older than three days. There are a few values above 6.0 
mg. but none higher than 12.0 mg. per 100 cubie centimeters. There was an aver- 
age increase over the pretransfusion values of about 1.0 mg. per 100° cubic 
centimeters. This can be accounted for in part by the fact that a small amount 
of hemoglobin was found in the transfused plasma. It is safe to say that no 
intravascular hemolysis occurred in any ease. 

Transfusions With Febrile Nonhemolytic Reactions.—Nineteen febrile re- 
actions to transtusions were studied, which proved to be nonhemolytie (see 
Table Il). Nine patients had a temperature elevation to 103° F. or higher, 
and all had chills and some fever. Specimens were obtained within an hour in 
ach instance, and in some instances later specimens were also obtained. The 
distribution of values is practically the same as those obtained after uncom- 
plicated transfusions. It was gratifying to know that no hemolysis had _ oe- 
curred, even though some of the reactions were very severe from the standpoint 
of clinical symptoms. 

TABLE II. PLASMA HEMOGLOBIN LEVELS AFTER EIGHTY-TWOoO TRANSFUSIONS 


GROUP WITH NO REACTIONS 


Tee ee ms 
100 c.c. OLD BLOOD | FRESH BLOOD 
PLASMA | NO. | PERCENT | NO. 

~ “ito:3 62.5 24 61.5 39 62.0 7 36.8 
3.1 to 6 16.7 9 23.0 i3 20.6 9g 17.4 
6.1 to 9 < 12.5 5 12.8 S 12.7 10.5 
9.1 to 12 2 8.3 1 2.7 : 4.7 5.3 

Total 2 100.0 : 100.0 i: 100.0 ( 100.0 


a GROUP WITH 
TOTAL FEBRILE REACTIONS 
|PERCENT | NO. |PERCENT| NO. | PERCENT 


| 
| 
| 
| 











Transfusions With Hemolytic Reactions—In Table III are summarized some 
of the pertinent data in five cases of hemolytic reactions to transfusion studied 
during the years 1942 to 1944. Patients L. H. and M. K. did not develop hemo- 
globinuria. Patient L. H. was given 200 ¢.c. of blood before she had a severe 
chill, pain in the back, and a fever of 104° Fahrenheit. Patient M. K. was vivel 
500 e.c. of blood before she had a severe chill and a fever of 103.6° Fahrenheit. 
It is possible that Patient M. K. had a higher level than 124 mg. per 100 e.c., be- 
cause three hours had elapsed after the reaction. At any rate the thre-lold 
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TABLE III. HEMOLYTIC REACTIONS TO TRANSFUSION 





ik TIMEAFTER | PLASMA | | 
TRANSFUSION | HEMOGLOBIN METHEM- HEMO- | BILIRUBIN 
PATIENT | (HR. ) ‘| (Me. -/100 c. C.)| ALBUMIN OLIGURIA GLOBINURTA | (MG. /100 C.C. ) 
me A My 36 

‘ 38 








96 


20 1 n 
44 160 + + } Jaundice 


for hemoglobin was not exceeded in either instance, and the true nature of the re- 
action would have been unrecognized if hemoglobinemia had not been found. 
Neither patient was jaundiced beforehand, but, as indicated in Table III, trans- 
ient elevation of bilirubin values afterward substantiated the occurrence of a 
hemolytic episode. Visible jaundice was very slight or questionable. 

The last three patients received transfusions during major operations, so 
that they did not manifest the usual clinical evidence of reaction. 

Patient J. N. was given 500 ¢.c. of Group O blood, 540 ¢.c. of Group O 
plasma and 250 ¢.c. of Group A plasma during an operation for the ligation of a 
patent ductus arteriosus. It may be noted that the first plasma specimen was 
obtained twenty-four hours afterward and that hemoglobinuria was present up 
to this time but absent thereafter. 

Patient M. B. was given 2,000 ¢.c. of blood during a lobeetomy for bronchia! 
adenoma. Hemoglobinuria continued until the forty-second hour but was ab- 
sent thereafter. In patients J. N. and M. B., hemoglobinuria was responsible 
for the recognition of hemolysis but this was a long time after the transfusions 
in both instances. The serum bilirubin concentrations were increased in the 
first four patients after the transfusion reactions but quickly returned to normal. 
The bilirubin was indirect reacting in each instance so only the total bilirubin 
is recorded. Reeovery was uneventful in each of the first four instances. No 
signs of renal damage occurred. Neither Patient J. N. nor Patient M. B. had 
methemalbumin?? in the plasma on ordinary spectroscopic examination, but 
Schumm ’s test for hemochromogen was not carried out. 

Patient J. L. was given multiple transfusions during a craniotomy. Oliguria 
and hemoglobinuria were noted after operation. Severe oliguria continued un- 
til the patient’s death seventy-six hours later; only 25 to 35 ¢.c. of urine were 
obtained by catheter during each twenty-four hour period. The blood urea 
nitrogen was 103 mg. per cent just before death. Jaundice was present, but 
the Guantity of bilirubin was not determined. Methemalbumin®* with an ab- 
sorption band at 623 to 624 mp was recognized in the plasma specimens at forty- 
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four hours and sixty-eight hours after the first transfusion but was not present 
at twenty-four hours. The addition of sodium cyanide to the plasma did not 
abolish the characteristic band nor change its intensity visibly, so that it could 
not have been due to methemoglobin. Unfortunately, permission for autopsy 
could not be obtained in this ease. 

It is not possible to estimate the initial plasma hemoglobin levels in these last 
three instances; however, since hemoglobin is cleared very rapidly from the 
blood stream, it may be assumed that the initial levels must have been much 
higher in each case. Obviously Patient J. L. suffered the most severe reaction 
as evidenced by the plasma hemoglobin levels and the fatal renal injury with 
urinary suppression. Gilligan and associates?? injected 16 Gm. of hemoglobin 
into an adult, and the plasma was cleared of hemoglobin in twelve hours. If all 
the cells in 500 ¢.c. of blood were hemolyzed, from 60 to 75 Gm. of hemoglobin 
would be liberated giving plasma levels of 2,000 to 2,500 mg. per 100 ©.c. 
(assuming a plasma volume of 3 liters). 


DISCUSSION 


The absence of hemoglobinemia following transfusions which do not result 
in any kind of reaction has been demonstrated. The absence of hemoglobinemia 
after certain febrile transfusion reactions is important evidence in separating 
such reactions from hemolytic reactions. Two patients with hemolytic reactions 
and early, transient hemoglobinemia and without hemoglobinuria substantiate 


the contention that hemoglobinemia is a fundamental and pathognomonic feature 
of intravascular hemolysis. One patient developed anuria and died as a result 
of uremia. This patient had the highest plasma hemoglobin levels observed in 
any of the five patients with hemolytic reactions; this observation lends sup- 
port to the thesis that the plasma hemoglobin level is an important factor in 
the development of renal damage. In each of the last three cases cited observa- 
tions were made a long time after the transfusions, so one cannot compare the 
findings with any observations except those made at the same time interval, since 
hemoglobin disappears from the blood stream at a rapid rate. 

Although infrequent, hemolytic transfusion reactions are the chief hazard 
of blood transfusions. It is important to recognize the occurrence of hemo- 
globinemia whenever intravascular hemolysis has occurred and to obtain and ex- 
amine the serum or plasma immediately after any reaction to transfusion. To 
insure against artificial hemolysis, one can use isotonic sodium citrate as de- 
scribed under Method of Study. It would be very instructive to make serial 
quantitative plasma hemoglobin determinations whenever intravascular hemolysis 
has been sufficiently great to color the plasma. The quantity of hemoglobin ex- 
ereted in the urine should be determined at appropriate intervals depending on 
the individual ease. 

Whenever a febrile nonhemolytic reaction to transfusion has occurred, every 
effort should be made to determine its cause. The contents of the transfusion set 
should be examined for bacterial contamination. The tests for compatibility 
of donor and recipient should be repeated carefully. The patient should be 
observed for the development of signs of shock, and the fluid intake and output 
‘ should be recorded carefully. 
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CONCLUSIONS 
Hemoglobinemia does not result from transfusion of: fresh compatible blood. 
The importance of distinguishing hemolytic from nonhemolytic transfusion re- 
actions has been emphasized. Hemolytic reactions are characterized by hemo- 
globinemia, whereas simple febrile reactions are not. There is a need for more 
quantitative observations in patients with hemolytic transfusion reactions made 
immediately after the reaction and followed serially until hemoglobinemia dis- 


r 
« 


appears. All febrile reactions should be studied early and every effort made to 
determine the etiology of the reaction. 
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Il. THe SuRVIVAL OF FRESH AND STORED TRANSFUSED ERYTHROCYTES AS 
DETERMINED BY UROBILINOGEN EXCRETION 


E. B. Furvx, M.D., Mryneapouis, MInn., AND K. B. Skusi, M.D.,* 
SEATTLE, WASH. 


UMEROUS studies have been devoted to the fate of the transfused erythro- 

cyte, the effect of storage on its in vitro properties, and the effectiveness of 
various preservative solutions. The most important criterion for assessing the 
value of the transfused erythrocyte is its in vivo survival time. The fate of the 
transfused erythrocyte has been studied by three methods: the differential 
agglutination method of Ashby! and Wiener’; the use of radioactive iron which 
is incorporated in the hemoglobin molecule’; and the study of urobilinogen exere- 
tion following transfusion.* 

In Ashby’s agglutination method a Group A or Group B recipient is trans- 
fused with Group O blood. Periodically thereafter small samples of blood are 
taken. The recipient’s cells are selectively agglutinated with Group O serum 
leaving the donor’s cells free to be counted. Wiener’s method? is similar in 
principle but makes use of the M and N subtypes of blood. 

Recently Ross and Chapin® have utilized the radioactive isotope of iron 
for the identification of transfused blood cells. When fed or injected into per- 
sons with hypochromie anemia of simple iron deficiency, this isotope is ineor- 
porated into the hemoglobin of newly formed erythrocytes. Blood was drawn 
from these donors into flasks containing 2.5 per cent sodium citrate solution 
with a pH of 7.4 and stored for periods varying from one to fourteen days at 
10° C. in a dark refrigerator. From 40 to 50 e.e. of this labeled blood were in- 
jected intravenously into healthy adults all of whom had normal hemoglobin 
levels. At varying intervals of time after the injection of blood, samples were 
withdrawn for blood volume determinations and for counts of radioactive cells 
by the use of the Geiger-Miiller apparatus. 

The study of urobilinogen excretion before and after transfusion was used 
in the present study and will be discussed in more detail later. 

It is generally agreed by most investigators'* > ® ?% 1? that the average in 


vivo survival time of fresh transfused erythrocytes is more than thirty days and 
that some survive as long as 120 days. Fresh blood is composed of cells of 
varying ages, and their potential life is inversely proportional to their age, even 
under the most favorable circumstances. Data collected by Mollison and 
Young®* show that about 85 per cent of fresh transfused blood cells are still 
present at the end of two weeks, 70 per cent at the end of four weeks, and 49 
per cent at the end of eight weeks. 
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As the storage time of citrated blood increases the red cell survival time 
decreases. The data of various investigators on the survival time of stored 
citrated blood of varying ages are not in complete agreement and do not lend 
themselves very well for comparison. However, from the data available, it 
appears that citrated blood stored three days or less is equal to fresh blood in 
respect to survival. According to Mollison and Young,’ citrated blood five to 
nine days of age has a fairly good survival; that is about 50 per cent of the cells 
were still viable at three weeks and 27 per cent at the end of two months. On 
the other hand, Belk and Barnes’ state that blood stored seven days or more in 
sodium citrate solution survived no more than forty-eight hours. Citrated 
blood stored between four and six days oceupies an intermediate position and 
probably should be considered only moderately effective in respect to survival 
time. 

Ross and Chapin® studied the twenty-four hour survival of erythrocytes by 
means of radioactive iron and found that only 60 per cent of six-day-old cells 
and about 5 per cent of ten-day-old or older cells survived for twenty-four hours, 
that is, were found in the cireulating blood. 

As early as 1916 Rous and Turner’ found that the addition of glucose to 
the citrated blood of experimental animals enhanced the keeping qualities and 
the in vivo survival of transfused blood. However, the large volume of citrate 
and glucose solution used by them made it impractical. Since then glucose- 
citrate solutions of smaller volume have been used with excellent results in re- 
gard to convenience and survival of the transfused erythrocytes.° When these 
mixtures are used the cell survival time depends somewhat upon the concentra- 
tion of glucose and citrate, but the optimal range is quite wide. It has been 
found that variation of the concentration of glucose in the final mixture from 
0.6 to 2.2 per cent makes little difference to subsequent survival. A citrie acid- 
sodium citrate-glucose mixture can be autoclaved without earamelization of the 
glucose, but a sodium citrate-glucose mixture will be caramelized by auto- 
claving. Immediate storage of donors’ blood at a temperature between 4 and 
10° C. and avoidance of actual freezing are essential. 

Dacie and Mollison’? showed that blood taken from a patient with familial 
hemolytic anemia both before and after splenectomy disappeared rapidly when 
transfused into a normal recipient. On the other hand, normal blood transfused 
into six patients with familial hemolytic anemia survived normally in five, and 
in one patient cell survival was somewhat diminished. 


PIGMENT STUDIES FOLLOWING FRESH AND OLD BLOOD TRANSFUSIONS 


Strumia™ and Wiener and Schaeffer'* have noted hemoglobinemia following 
transfusion of citrated blood older than ten days. Transient bilirubinemia has 
also been observed following the use of blood stored for more than five days 
compared to that stored for shorter periods.'* Wasserman and associates‘ in a 
similar study on three patients with hyporegenerative anemia found an increase 
in feces urobilinogen exeretion roughly proportional to the time of storage of 


citrated blood. Fresh blood usually caused no, or only a very slight, increase 
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in urobilinogen exeretion. In their last case* blood stored in glucose-citrate 
mixtures caused less rise in urobilinogen than when stored in citrate alone. 

In order to study the relative efficiency of the blood in the University Hos- 
pital blood bank, the values of the serum bilirubin, plasma hemoglobin, and 
feces urobilinogen were observed before and after fresh and old blood trans- 
fusions. The donor blood was drawn into sterile flasks containing 50 e.e. of 2.5 
per cent sodium citrate and stored at 4 to 10° Centigrade. Although not as 
accurate quantitatively as the actual counting of surviving donor cells, the 
urobilinogen excretion roughly indicates the rate of cellular destruction after 
transfusion. After the preliminary studies, fresh blood (stored less than twenty- 
four hours) was given over a period of one to one and one-half hours. Plasma 
hemoglobin levels and serum bilirubin were determined within an hour and 
again five hours after transfusion. Quantitative feces urobilinogen studies 
were carried out for the next eight days. After an interval of eight days or 
longer, the same studies were repeated following transfusion of old blood (stored 
from six to eight days). The amount of blood was 450 ¢.c., except in one case 
where two transfusions were given in succession instead of one. The urobilinogen 
was determined in each instance by the method of Watson,’ the bilirubin by the 
method of Malloy and Evelyn,'*® and the plasma hemoglobin by the method of 
Klink and Watson."* 

The first four patients had severe hyporegenerative or aplastic anemia. 
Patient H. had diabetes mellitus and chronic osteomyelitis, and Patient C. T. 
had chronie glomerulonephritis with uremia. None of the patients experienced 
untoward symptoms following these transfusions. 


RESULTS 
The plasma hemoglobin showed no appreciable change following any of the 
transfusions. No significant intravascular hemolysis took place following either 
fresh or old blood transfusions (Table I). 


TABLE I 


MAXIMUM PLASMA INCREASE IN BILIRUBIN. 
INITIAL HEMOGLOBIN CONCENTRATION 
HEMOGLOBIN (mMa./100 c.c.) (Ma./100 C.c.) 


PATIENT (GM./100 ©.c.) BEFORE | AFTER FRESH BLOOD | OLD BLOOD 
B. D. 5.84 7.0 1.4 239 2.55 
L. M. 2. F 3. Yad 2.8 
C. A. ‘ : 4.2 0 
O. H. li : 9.0 ao 

H. 8. G 6.8 -20 
Co. 7. 4.4 a 3.9 18 


*Average of two transfusions on successive days. 

















In all cases studied there was a greater rise in the bilirubin concentration 
after the old blood than after fresh blood. The maximum bilirubin concentra- 
tion was found usually at five hours after transfusion. This finding is in agree- 
ment with the observations of others.?* 14 
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TABLE II. UROBILINOGEN EXCRETION IN FECES (MG. PER Day) 








FRESH BLOOD TRANSFUSIONS OLD BLOOD TRANSFUSIONS 


PATIENT BEFORE | AFTER | INCREASE | BEFORE AFTER | INCREASE 
~ B.D. 31 103 ~ 39 234 95 
L. M.* 65+ 20 : 268 137 
73 ‘ 2 139 67 
98+ 3: 134+ 72 
26 4: 163 121 
128 145 57 
Me ’ 3! ae ~ 92 














Average 


*Transfusions on two successive days, fresh blood. 

yResult after two transfusions on successive days, the four-day period beginning with 
the first transfusion. 

tTransfusions on two successive days for both the fresh and old blood studies. 


Feces urobilinogen excretion (Table Il) was considerably increased after 
old blood but not after fresh blood in Patients B. D., L. M., C. A., and H. 
Patient O.H. excreted more urobilinogen after old blood than in the control 
period but excreted less than the control value obtained before the first trans- 
fusion. In Patient C. T. the increase in urobilinogen was slightly greater after 
fresh blood than after old blood. In five out of six patients studied it was 
apparent that an increased rate of destruction of blood must have taken place 
after the use of old blood compared with that following fresh blood. 


CONCLUSIONS 

It is evident that there is an inereased extravascular destruction of red 
blood cells after transfusion of old blood, for there is a significant rise in the 
serum bilirubin and feces urobilinogen excretion after such a transfusion. Blood 
stored in sodium citrate for more than six days is less efficient than fresher blood 
in the therapy of anemias of any kind. This is supported by the pigment studies 
previously deseribed and also by the studies of others, based on differential 
agglutination and the use of radioactive iron. 
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BLOOD AND BONE MARROW IN INFECTIOUS MONONUCLEOSIS* 
A Review OF THE LITERATURE AND A Report oF TWENTY-FIVE CASES 
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Henry G. Poncuer, M.D. 
CrHicaco, Inu. 


INCE the original descriptions of infectious mononucleosis by Pfeiffer’ 
S (1889) and others before the turn of the century, an enormous literature 
has accumulated pertaining to the clinical aspects and laboratory characteristics 
of the disease. The introduction by Paul and Bunnell? (1932) of the serologic 
test whereby suspected cases of infectious mononucleosis could be diagnosed with- 
out question served to stimulate new interest in the disease. 

Although numerous articles in the literature touch on the hematologic 
findings in infectious mononucleosis, none of them have added much _ to 


Downey’s® classical morphologic deseription of the blood. His original colored 


plate with the description of the cells seen in this disease compared with those 
seen in cases of leucemia has never been surpassed. 

Studies of the bone marrow in eases of infectious mononucleosis have been 
surprisingly few in number. It is only in the last ten years that any attempt 
has been made to correlate the blood findings with the cellular pattern in the 
bone marrow. It is of interest to note, in view of the fact that the disease may 
be mistaken for leucemia, that the first examinations of the bone marrow in this 
disease were made by Freeman‘ (1936) who suggested that infectious mononu- 
cleosis may really be an abortive, benign form of acute lymphatic leucemia. It 
is surprising that no one has challenged this investigator’s conception of the 
malignant potentiality of the atypical lymphocytes seen in infectious mononu- 
cleosis. Read and Helwig® analyzed 300 cases of infectious mononucleosis and 
without examining the bone marrow arrived at the conclusion that the cause of 
the anemia, leucopenia, and thrombopenia in some of their cases was due to de- 
pression of the activity of the bone marrow resulting from an infectious gran- 
ulomatous process involving the marrow. 


REVIEW OF THE LITERATURE ON THE BONE MARROW IN INFECTIOUS 
MONONUCLEOSIS 


I'reeman‘* was the first to deseribe the bone marrow in cases of infectious 
mononucelosis. He reported two cases, one in a 19-year-old student nurse with 
a leucocyte count of 10,400 per cubie millimeter and 76 per cent lymphocytes 
and a second ease in a 55-year-old white woman with a white blood count of 
23,600 per eubie millimeter and 91 per cent lymphocytes. The leucocyte count 
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in the second ease rapidly increased to 392,000 per cubie millimeter, and the 
woman died on the seventeenth day of illness. The heterophile antibody test 
was not performed in either of the two cases. The bone marrow of the sternum 
in both cases was filled with both immature and mature lymphocytes.  His- 
tologie sections of the bone marrow showed a lymphocytie infiltration. Hreeman 
suggested that glandular fever may really be an abortive, benign form of acute 
lymphatic leucemia. 

Young and Osgood® stated that in infectious mononucleosis the typical large 
lymphocytes were demonstrated to be present in the sternal marrow as well as 
in the blood. There is no mention as to the number of cases they studied. 

Nordenson‘* examined the sternal marrow in thirteen cases of infectious 
mononucleosis and observed a toxie alteration of the myeloid cells with a mod- 
erate shift to the left of the granulocytic series. KErythropoiesis was normal. 
There were no morphologic indications of a lymphoid metaplasia in the bone 
marrow of the sternum. 

Markoff* reported on the bone marrow findings in one case of infectious 
mononucleosis. He observed a lymphatie and plasma cellular reaction of the 
marrow with an increase in the number of metamyelocytes and a decrease in all 
the other granulopoietic elements. Erythropoiesis and megakaryopoiesis ap- 
peared normal. According to this investigator, in spite of the increased num- 
bers of lymphoid cells in the sternal marrow in eases of infectious mononucleosis, 
the differential diagnosis from the bone marrow in lymphatie leucemia is rela- 


tively simple, and there is no reason for confusing the two diseases. 


Rohr® who studied twelve cases of infectious mononucleosis emphasized that 
great care should be exercised in interpreting the cellular marrow pattern in this 
disease because of the variations in the marrow pattern which are directly related 
to the amount of admixture with peripheral blood. The bone marrow in his 
cases with the disease revealed a moderate amount of myeloid immaturity. He 
never observed a lymphoid infiltration of the sternal marrow in his cases of in- 
fectious mononucleosis. 

Mallarmé’® believes that sternal puncture aids in the diagnosis of infec- 
tious mononucleosis. The bone marrow in Mallarmé’s case showed a myeloid 
reaction with an increase in the number of mononuclear cells, large lympho- 
cytes, monocytes, and plasma cells. Granulopoiesis appeared normal. 

Weil and Perlés' observed a hypoplastic bone marrow which consisted of 
myeloerythroblastic tissue and mononuclear cells similar to those seen in the 
peripheral blood and spleen. 

Schulten,’? Klima,’® and Henning't have observed varying degrees of 
myeloid immaturity and confirmed Rohr’s® observation of the lack of any evi- 
dence of a lymphoid infiltration of the bone marrow in cases of infectious mono- 
nucleosis. 

Henning and Keilhack’® observed a case of infectious mononucleosis with 
anemia, thrombocytopenia, and a leucocyte count of 30,000 per eubie millimeter 
with 80 per cent lymphocytes. The sternal aspiration was rich in eells of the 
granulocytic series with a few elements belonging to the mononuclear series. 
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Ustvedt?® studied the blood and bone marrow in one ease of infectious 
mononucleosis. This 29-year-old man had a leucocyte count that varied between 
7,000 and 10,000 per cubic millimeter and the differential count showed between 
60 and 89 per cent atypical lymphoid cells. The bone marrow was hypocellular 
and consisted of granulocytes in various stages of development, a few erythroid 
cells, and lymphoid cells. The uniform type of ‘‘blast’’ cells seen in the marrow 
in cases of acute leucemia were absent. Ustvedt observed groups of mononuclear 
cells of. lymphoid type in the bone marrow of his case of infectious mononucleo- 
sis which were quite different from those seen in the peripheral blood and con- 
eluded that the question of lymphoid metaplasia in the bone marrow could not 
be eliminated. He suggested sternal puncture as an aid in ruling out leucemia. 

Fieschi'? examined the bone marrow in a ease of infectious mononucleosis 
and found a cellular marrow with a decrease in the number of mature neu- 
trophiles and a few atypical granuloblasts similar to those seen in eases of acute 
infection. Lymphoeytes were not observed, and plasma cells were few in num- 
ber. The monocytoid cells seen in the marrow were morphologically different 
from the lymphoid cells found in the peripheral blood. The marrow mononu- 
clear cells presented marked immaturity which suggested their origin from 
reticular cells or from large atypical hemocytoblastie elements. The bone mar- 
row in no way simulated that seen in leucemia. 

Seott!® observed a normal cellular pattern in a ease of infectious mononu- 
cleosis. He believes the method of sternal puncture has little value in diagnosing 
this condition, for even the findings of a normal marrow do not exclude lymphoid 
leucosis. 

Vogel, Erf, and Rosenthal'® examined the sternal marrow in six eases of 
infectious mononucleosis and found an increased number of lymphocytes. Many 
of the lymphocytes were of the lymphoid type. In one ease Tiirk irritation 
cells were seen in the blood but were absent in the marrow, while in a second 
case Tiirk cells were present in both the blood and bone marrow. In a second 
article, Vogel and Bassen®° reported the marrow findings in four eases of infeec- 
tious mononucleosis. They found a normal number of lymphoid elements in the 
sternal marrow. These investigators believe that the absence of an inereased 
number of lymphocytes in the bone marrow is of great value in ruling out the 
possibility of leucemia, especially when the heterophile antibody reaction is 
negative. 

Morrison and Samwich*! studied the marrow in eight cases of infectious 
mononucleosis and noted a left shift in the white blood series with increased 
red ccll activity. There were many lymphocytes in the marrow, but they were 
never in the proportion as seen in lymphatic leucemia. The erythroid series re- 
vealed a defective maturation which the investigators ascribed to a lack of anti- 
anemia principle or to some disturbance in its utilization or absorption. 

Mendell, Meranze, and Meranze*? reported the bone marrow findings in 
eleven cases of infectious mononucleosis and observed a normal leucopoiesis and 
erythropoiesis. The total marrow cell count ranged from 20,000 to 170,000 per 
cubic millimeter, and the differential count showed 1 per cent myeloblasts, 2 per 
cent promyelocytes, 17 per cent myelocytes, 25 per cent metamyelocytes, 36 per 
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cent neutrophiles, 13.7 per cent lymphocytes (normal according to these in- 
vestigators is 13.5 per cent), 3 per cent monocytes, 2 per cent eosinophiles, and 
0.3 per cent reticulum cells. The erythroid series consisted of 1 megaloblast, 
) erythroblasts, and 12 normoblasts per 100 white cells. According to these 
authors the finding of a normal bone marrow in infectious mononucleosis, despite 
the large number of lymphoid cells in the peripheral blood, is sufficient to elim- 


inate the possibility of leucemia. 

Piney** from his studies of the bone marrow in infectious mononucleosis 
(number of cases studied is not stated) did not find a hyperplasia of the marrow 
as a whole but rather a slightly hypoplastic marrow. There was no resemblance 
to a leucemie marrow. The cellular marrow pattern as a whole was not greatly 
disturbed, but there were plasma cells and monocytoids, the latter of which 
were less like normal monocytes than were the similar elements that are found 
in the peripheral blood in this disease. The eytoplasm of the monoecytoid cells 
varied from a marked basophilic to that which had no affinity for dyes, and the 
nuclear characteristics varied from the most immature, with nucleoli, to the 
most bizarre and extraordinary convolution. Piney believes that there should 
not be any confusion between glandular fever and German measles, although in 
both diseases Tiirk and plasma cells are found in the blood. In German measles 
there is a great excess of plasma cells in the lymph nodes, whereas the sternal 
marrow contains few plasma cells. On the other hand, in glandular fever (infee- 
tious mononucleosis) the reverse is the case; the sternal marrow contains large 
numbers of plasma cells, while the lymph nodes contain many monoeytoid ele- 
ments but a few plasma cells. 

Moeschlin** simultaneously examined the sternal bone marrow, lymph nodes, 
and spleen in three cases of infectious mononucleosis. He observed a moderate 
myeloid immaturity of the marrow. The lymphoid cells in the bone marrow 
varied between 12 and 17 per cent, and there was a plasma cellular reaction 
moderate in degree. Moeschlin believes that the lymphocytes are more probably 
derived from blood aspirated during the puncture than from the marrow itself. 
In the lymph node he observed lymphoid and monocytoid elements in mitosis as 
well as normal lymphocytes. The plasma cells observed in the lymph nodes in 
‘ases of infectious mononucleosis are considered to be different from those seen 
in the lymph nodes in rubella. In rubella, puncture of the lymph nodes reveals 
numerous large primitive cells with reticular nuclei containing nucleoli. These 
plasmoblasts were observed in various stages of maturity or transition to the 
typical plasma cell seen in the peripheral blood. In the lymph nodes the highest 
number of plasmoblasts were found on the second day of the illness, while in 
the blood they were found at their greatest peak on the fifth day. In the }one 
marrow neither the plasmoblasts nor plasma cells were found in any significant 
numbers. In one case, perhaps by chance, a lymph follicle in the bone marrow 
was punctured, and an increased number of plasma cells and plasmoblasts was 
observed. _Moeschlin® believes that the lymph node and bone marrow plasma 
cells are totally distinct both in structure and origin. 

Leitner®® studied the sternal marrow in two eases of infectious mononu- 
cleosis and observed a marked myelocytic reaction. The lymphocytes ave’: ged 
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5.6 per cent of the bone marrow differential count. He attributed the maturation 
arrest of the myeloid tissue in the bone marrow to hyperfunction of the spleen, 
and this action on the marrow results in a leucopenia and granulocytopenia in 
the peripheral blood. 

Propp and Schwind** performed sternal punctures on two cases of infee- 
tious mononucleosis and reported on the findings in one of the cases. The mar- 
row revealed a normal degree of cellularity and a normal distribution of cell 
types. There was a marked lymphocytosis, but no lymphoblasts were seen. The 
heterophile antibody test was negative. Propp and Schwind believe that be- 
cause of the high percentage of lymphocytes in the peripheral blood in this dis- 
ease a relatively high lymphocyte count will occur in the marrow, but the mar- 
row is not being replaced by lymphocytes. They support the opinion that there 
are occasional small lymph nodules in normal bone marrow, and therefore an 
increase of lymphocytes is not necessarily of importance. 

Owing to the extremely low mortality from infectious mononucleosis, there 
has been very little opportunity to examine the bone marrow from various sites 
histologically. Further, in the few cases that have come to autopsy, there has 
been a failure to study the bone marrow. Haken** reported on the autopsy 
findings in three children with supposedly infectious mononucleosis, but he neg- 
lected to examine the bone marrow. Koenigsberger,?? in analyzing the cases 
reported by Haken, was of the opinion that they were not cases of monocytic 
angina but rather cases of malignant diphtheria. DuBois*® reported a case of 
infectious mononucleosis in a 26-year-old man which was complicated by pneu- 
monia and empyema and at autopsy revealed a hyperplasia of the reticulo- 
endothelial system. The bone marrow showed a practically normal erythroblastic 
series except for a few caryorrhetic normoblasts. The megakaryocytes, especially 
the immature forms, were reduced in number. The younger cells of the neu- 
trophilie series were decreased in number at the expense of large mononuclear 
cells which had a cytoplasm that was basophilic and vacuolated. These cells 
appeared to be a part of a markedly active reticulum. There is no definite proof 
that this is a genuine ease of infectious mononucleosis. 

Ziegler*! reported on the autopsy findings in a 22-year-old white woman 
with infectious mononucleosis with a heterophile antibody test of 1:640. At 
one time during the course of the disease, the leucocyte count was 23,800 per 
cubic millimeter with 93 per cent mononuclear cells in the peripheral blood. The 
lesions and changes in the liver, spleen, lungs, and kidneys were described, but 
unfortunately the bone marrow was not examined. 


MORPHOLOGY OF THE LYMPHOCYTES IN INFECTIOUS MONONUCLEOSIS (DOWNEY*) 


"hree types of lymphocytes, depending entirely on their morphologic feat- 
ures, give the blood its characteristic appearance in infectious mononucleosis. 
In the type I nucleus the chromatin forms a coarse network of heavy strands 
and inasses which are not sharply separated from the parachromatin. In some 
of the larger cells there may be a slight tendeney toward a more diffuse arrange- 
ment of the chromatin, and the lymphocytic nature of the nucleus always re- 
mails evident. The nuclei of the larger cells are frequently placed eccentrically 
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and are generally lobulated, indented, or kidney-shaped, and smaller cells also 
have irregular nuclei. The cytoplasm is quite characteristic. The degree of 
basophilia varies, but most of the cells are very basophilic. With Wright’s stain 
the spongioplasm appears as dark blue or slate blue, finely granular, and of 
flaky material with a pale yellowish background of hyaloplasm. Its distribution 





Fig. 1.—Peripheral blood films from two cases of infectious mononucleosis. a, Lympho- 
cytes Downey type I. These lymphocytes were the type commonly seen in our cases. }, 
Lymphocyte Downey type III with a mature type of nucleus. c, Type III cell with an in- 
mature type of nucleus. 


gives the cytoplasm a vacuolated, foamy, or mottled appearance. The peripheral 
portion may contain relatively more spongioplasm and, therefore, appear darker 
and more homogenous than other parts of the cytoplasm. If the nucleus is 
indented, the indentation is lighter than the rest of the cell because it contains 
relatively more of the yellowish hyaloplasm. Frequently, there are one or more 
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azurophilic granules embedded in the hyaloplasm of this region, which give 
the whole structure the appearance of a centrosphere. Most of the atypical cells 
contain azurophile granules, being quite abundant in most of the larger cells, 
and are of the lymphocytic type, that is, fine and carmine red. 

In an atypical cell of type II the nucleus is somewhat similar to that of a 
plasma cell. The chromatin strands are very coarse, and there are several dense, 
rounded, or angular masses of chromatin among them. They have more of a 
washed appearance, and the blocking of the chromatin is not so pronounced as 
in the plasma cell. The eytoplasm has fewer vacuoles, and its spongioplasm 
has a smoother appearance which does not give the foamy, spongy, and stippled 
effect noted in type I. It is generally less basophilic, and there is a more even 
mixing of the basophilic portion of spongioplasm and hyaloplasm. In some cells 
there is the tendency of the basophilic portion of the cytoplasm to be arranged 
in the form of broad bands radiating from the nucleus. The cell body is gen- 
erally wider than in the cells of type I, and the nucleus is rarely lobulated. 

Type III cells have more leucemic features than those of types I and II. 
The cytoplasm is vacuolated and in some cells is quite basophilic. In the larger 
cells there is relatively more hyvaloplasm, but the distribution of the spongioplasm 
remains about the same as in type I. These cells may contain a single large 
vacuole with an azurophile rod and within an indentation of the nucleus in 
addition to smaller vacuoles distributed rather evenly throughout the cystoplasm. 
The nucleus may be close to that of a stem cell. There may be a diffuse, vacu- 


dlated nucleus containing nucleoli (Fig. 1). 


METHODS AND MATERIAL 


Twenty-five patients with infectious mononucleosis, of whom eighteen were 
men and seven were women, comprised the group studied. No Negroes were 
observed. Patients varied in age from 13 months to 35 years. Fourteen pa- 
tients ranged in age from 16 to 26 years, four were less than 16 years of age, 
and one was over 35 years of age. Many of the patients were medical and dental 
students referred to the University of Illinois, and the remainder were seen in 
consultation because of some clinical or hematologic finding observed by the 
medical examiner while performing a physical examination (lymphadenopathy 
or splenomegaly) or by the technician while doing a differential blood count. 
The heterophile antibody reaction was positive in thirteen, negative in six, and 
the test was not performed in the remaining patients. A false-positive Wasser- 
mann reaction was not observed. 

The method of sternal aspiration and the preparation of the marrow for 
study has been reported in detail by one of us (L. R. L.).°2 

After films of the bone marrow were prepared the slide was air dried for 
several hours and stained with May-Grunwald-Giemsa or Wright stain and 
studied microscopically for cell distribution and types. When the stained films 
of the bone marrow were studied the ratio of myeloid to erythroid cells, the dis- 
persion of the nucleated red cell series, the dispersion of the myeloid cell series, 
and the number of megakaryocytes were recorded. In recording the erythro- 
Poietic elements, the terms pronormoblast, basophilic, polyechromatophilic, and 
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orthochromatie (acidophilic) normoblast were used in order of increasing ma- 
turity. Similarly, for the granulopoietic series, myeloblast, leucoblast, 
promyelocyte, myelocyte, metamyelocyte, and polymorphonuclear neutrophile 
were used. The lymphocytes which include both normal and atypical or im- 
mature forms were recorded together and expressed as the number of lympho- 
eytes per 100 nucleated marrow cells. Plasma cells, monocytes, and reticulo- 
endothelial elements were noted and described as a part of the bone marrow 
pattern when present in greater numbers than normal, but they were not in- 
cluded in the counts used to determine the above percentage relationships. 
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_Fig. 2.—Bone marrow (histologic specimen) from a case of infectious mononucleosis 
showing a neutrophilic myelocytic pattern with absence of lymphocytic infiltration. Many of 
the eo gm in the peripheral blood were Downey type III. Heterophile antibody titer 
was 1:1224. 


In a few eases of infectious mononucelosis histologic studies of the bone 
marrow were made from ‘‘hemopoietic particles’’ or ‘‘floaters’’ of the marrow 
obtained by sternal aspiration or biopsy material obtained by means of a small 
trephine. The marrow specimen was immediately placed in Zenker-acetic acid 
solution, and the sections after fixation were prepared in the usual way with 
paraffin and stained with eosin-azure or Giemsa. The sections were utilize! in 
studying the topographic relationships of the marrow (Fig. 2). 

Immediately preceding or following the marrow aspiration, an erythrocyte 
and leucocyte count, a hemoglobin determination (Newcomer’s method) diffe ren- 
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tial count, and a reticulocyte and platelet estimation were made with standard- 
ized and certified materials and apparatus. A hematocrit reading, sedimentation 
rate, and icterus index were done by the Wintrobe method.** Mean corpuscular 
volume, hemoglobin, and hemoglobin concentration were then computed. 


DISCUSSION OF RESULTS AND ANALYSIS 


Peripheral Blood.—Of the twenty-five patients with infectious mononucleo- 
sis, four had an anemia; in three the anemia was normocytic in type and in one, 
an infant 13 months of age, it was microcytie and hypochromic in character. 
All four patients had a positive heterophile antibody test. Except for one with 
a hemoglobin value of 8.5 Gm., all patients had a hemoglobin reading of 11.0 Gm. 
or more. In five the hemoglobin value was less than 13.5 Gm., and the highest 
value was 16.5 grams. The hemoglobin reading in all the patients studied ranged 
between 8.5 to 16.5 Gm., with an average of 13.54 grams. The mean corpuscular 
volume and mean corpuscular hemoglobin concentration were normal in all eases, 
except in the one with the microcytie and hypochromie anemia. The heterophile 
antibody test was positive in this instance. 

The lowest erythrocyte count was 3,100,000 and the highest 6,560,000 per 
cubic millimeter, with an average of 4,660,000. In nine cases it was less than 
4,500,000 and in only two cases was the erythrocyte value less than 4,000,000 per 
cubie millimeter. 

The leucoeyte count varied between 4,500 and 22,000 per cubic millimeter, 
with an average count of 10,900. In ten eases the count was less than 10,000, 
and in two of these eases the white count was below 5,000. In only one case 
was the count over 20,000. The characteristic finding in the differential count 
was the large number of abnormal lymphoeytes which ranged from 37 to 82 per 
cent, with an average of 64 per cent. The atypical ‘‘leucocytoid’’ lymphocytes 
were of the type I and II of Downey*® with various degrees of variation between 
the types. 

Extremely immature cells of the type III of Downey were rarely found in 
our series of cases of infectious mononucleosis. In only one case which was com- 
plicated by pulmonary tuberculosis were so-called ‘‘lymphoblasts’’ observed ; 
that is, cells whose nuclear structure indicated immaturity or lacked differentia- 
tion. Some of the latter cells approached the Tiirk irritation form of plasma 
cells with diffuse myeloblastic nucleus (leptochromatic). Lymphocytie plasma 
cells were seen in all of the other cases as well as normal lymphocytes (mostly 
small types). The typical lymphoblast of acute and subacute lymphatic leucemia 
Was not seen in our eases. Degenerated and fragile cells were absent from the 
blood films. 


The granulocytes varied from 3 to 5 per cent. Moderate to marked toxie 
neutrophiles with a moderate shift to the left in the neutrophilic picture were 
seen in all eases. The shift to the left consisted in increased numbers of non- 
filanient granulocytes, the so-called ‘‘stab’’ forms, which ranged over 6 per cent 
in twelve cases and over 25 per cent in three cases. Neutrophilic metamyelocytes 
Were observed in two eases, 1 per cent in the first and 2 per cent in the second 
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case. Myelocytes, promyelocytes, and myeloblasts were not seen. Basophilie 
granules or ‘‘toxic’’ granules, as they are often designated, were seen in the 
granulocytes in all the cases. The grade 3 to 4 ‘‘toxie’’ granulations consisted 
of small and large types of granules which in many instances filled the entire 
cytoplasm of the neutrophile. Oxidase stain on such cells revealed relatively 
few oxidase reacting granules (normal neutrophilic granules). Degenerative 
changes of the nucleus, such as condensation in different areas, were occasionally 
found, but fragmentation of the nucleus, swelling of the cytoplasm with vacuole 
formation, diffuse basophilic staining in the eytoplasm, and marked irregularity 
in size of the neutrophiles showing ‘‘toxic’’ and degenerative changes were only 
rarely observed. 

The monocytes which were over 8 per cent in four cases were morphologically 
normal. The normal appearing eosinophiles were definitely increased in only 
one case with a value of 16 per cent. This case with a positive heterophile anti- 
body reactive had 37 per cent atypical lymphoids and 38 stab cells in the periph- 
eral blood at the time that the bone marrow was studied. There were only 7 per 
cent neutrophiles in the differential count. The basophiles were over 1.0 per 
cent in three cases; the highest count was 4.0 per cent in one ease. 

The platelets were normal in number and morphology in practically all 
cases and moderately increased in two cases from blood film examination. 

The corrected sedimentation rate was increased in sixteen cases with values 
as high as 41 mm. per hour. 

The reticulocyte count was normal in all cases. The icterus index was higher 
than 7.5 units in three cases, and in one of the cases with a value of 15 units 
there was a clinical jaundice. 

Bone Marrow.—The bone marrow was hyperplastic in twenty eases with 
volumetric values as high as 35 per cent and with an average reading for all cases 
of 14.4 per cent. This is more than twice the normal value. The bone marrow 
cell counts ranged from 210,000 to 670,000 per cubie millimeter in eighteen cases, 
with an average count of 430,000 per cubic millimeter which is approximately 
one and one-half times the normal value (300,000). 

The fat volume (volumetric reading) averaged 1 per cent, with the highest 
reading of 5 per cent in a 12-year-old boy. 

The myeloid elements besides being increased in number revealed a mod- 
erate to marked degree of granulopoietic immaturity. Immaturity was never 
earried to the stage of myeloblastic involvement. The greatest increase oc- 
eurred in the neutrophilic myelocytes which in some cases comprised over 50 
per cent of the granulopoietic series. This is a marked increase when compared 
with the normal value of 10.8 per cent. In eighteen eases the neutrophilic myelo- 
eytes ranged over 15 per cent, and in only three cases were they less than 10 per 
cent. Moderate to marked degrees of ‘‘toxic’’ granules were observed in many 
of the neutrophilic myelocytes, even in phases of mitotie division (Fig. 3). The 
**toxie’’ or coarse basophilic granules which may fill the cells are different from 
the heavy, wine-colored or reddish lavender granulation observed in normal ma- 
turing neutrophilic myelocytes. The delicate neutral- or lilac-colored granules 
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which are observed in the Hof of the nucleus in many normal maturing neutro- 
philie myelocytes were absent, and the normal blue color seen in some of the 
early neutrophilic myelocytes was occasionally replaced by a diffuse basophilic 
staining cytoplasm. Marked degenerative changes of the nucleus or cytoplasm 
with the formation of the vacuoles were rarely observed. In cases of infectious 
mononucleosis with a predominating neutrophilic metamyelocytiec type of bone 
marrow, the metamyelocytes were practically free of any toxie granules or de- 
generative changes, while the myelocytes showed the morphologic effect of a 
toxic process. These findings indicate that the ‘‘degenerative’’ shift to the left 


_Fig. 3.—Bone marrow (concentration technique) from a case of infectious mononucleosis 
showing a severe toxic condition of the granulopoietic elen.ents. Note the toxic neutrophilic 
myelocyte in phase of mitosis and the absence of lymphocytes in the bone marrow. 
observed in the peripheral blood with an increased number of immature forms 
(“‘stab-kernige’’ or staff forms**), in which the nuclei are narrow, deeply stain- 
ing with little or no structural detail, but more often with few or many small 
or large basophilic granules (toxic) in a diffuse basophilic staining cytoplasm, 
is the effect of toxemia on the development of the cell at the early neutrophilic 
myelocytic stage; that is, during the stage of specific granule formation and the 
beginning of nuclear configuration. In infectious mononucleosis the toxemia 
affects the cytoplasmic granules to a much greater extent than the nucleus, 
since many of the cells of the myelocytic series with toxic granules are observed 
In mitosis. There is no definite indication of a depressed bone marrow function 
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to any marked degree. The toxemia of infectious mononucleosis affects the 
granulopoietic tissue in the bone marrow at the early neutrophilic myelocyte 
stage of development to prevent the differentiation to neutrophiles, so that they 
develop to a certain point and emerge into the peripheral blood as stab forms 
with varying degrees of toxic granules in the cytoplasm. Apparently those 
myelocytes that escape the toxie process complete their development through 
the several stages of neutrophilic metamyelocyte formation and become normal 
polymorphonuclear neutrophiles (Fig. 4). Therefore, the neutrophilic meta- 
myelocytes in the bone marrow in cases of infectious mononucleosis probably do 
not take any active part in the formation of the toxic neutrophiles (stab forms) 
seen in the peripheral blood in this disease. 


Fig. 4.—Bone marrow (concentration technique) from a case of infectious mononucleosis 
showing neutrophilic myelocytes and neutrophilic metamyelocytes; the latter reveal normal 
development with an absence of toxic granules in the cytoplasm. Note the absence of lympho- 
cytes in the bone marrow. Heterophile antibody titer was 1:1792. 


Except for an increased number of eosinophilic myeloeytes and meta- 
myelocytes in the bone marrow in one case which was reflected by an eosinophilia 
(mature cells) in the peripheral blood of 16 per cent, all the other marrows 
showed a normal number of eosinophiles. The basophiles were reduced in num- 
ber. The mature neutrophiles averaged 7.9 per cent of the marrow granulo- 
cytes. This is approximately one-third the number seen in normal bone marrows 
and is due in a large part to the increase in the number of neutrophilic myelo- 


cytes. 
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The erythroid tissue was normal, except in the patient with the microcytie 
hypochromic anemia in whom the bone marrow revealed a normoblastie hyper- 
plasia. In several of the marrows, groups or clusters of normoblastie elements 
were observed which is indicative of erythroid stimulation. 

The megakaryocytes were increased in number in fifteen cases and normal 
in number in ten eases of infectious mononucleosis. The megakaryocytic in- 
crease Was pronounced in those marrows with a myeloid hyperplasia. The 
maturation dispersion of the megakaryocytes was normal. 

In a case of infectious mononucleosis in a girl 26 years of age with diabetes 
mellitus and not included in this group of twenty-five cases, the histiocytes or 
reticulum cells were increased in number and normoblastie clusters with fre- 
quent mitotic cells were seen scattered among the hyperplastic myeloid tissue. 
The reticulum cells appeared morphologically normal, and there were no 
indications that these elements were developing into specific hemopoietic elements 
such as myeloid, erythroid, megakaryocytes, plasma cells, and normal or ab- 
normal lymphoid cells. 

Plasma cells were only rarely seen in the marrow in our cases of infectious 
mononucleosis. In a 25-year-old woman with pulmonary tuberculosis who had 
immature lymphoid cells with basophilic eytoplasm in the peripheral blood, 
the bone marrow contained an increased number of normal and atypical types 
of plasmacytoid cells, some of which approached the Tiirk type with a lepto- 
chromatic structure of the nucleus. Cells of this type were also seen in the 
peripheral blood. 

The number of lymphoid cells ranged between 4 to 24 per 100 bone marrow 
cells with an average of 10 per cent for the twenty-five cases. The greater num- 
ber of lymphoid cells was seen in those marrows in which there was a lack of 
myeloid hyperplasia and in which admixture with peripheral blood was more 
pronounced than normal as indicated by the increased number of mature 
neutrophiles. This latter finding with an increased number of lymphoid cells is 
always a definite indication of peripheral blood dilution and means that the 
bone marrow sample is only partially representative of the bone marrow pattern. 
The single or groups of lymphocytes seen in the bone marrow were similar to 
those seen in the peripheral blood. There were no morphologic indications froni 
either the nucleus or cytoplasm that any of the marrow elements including 
those of the histiocytic system (reticulum cells) were giving rise to the normal 
or atypical lymphoid elements. In the marrows with a marked myeloid hyper- 
plasia, the lymphocytes were decreased in number when compared with normal 
marrows in which the average number of lymphocytes is 17.8 per 100 bone 
marrow cells with a range of 12 to 26 per cent. 


The myeloid-erythroid ratio averaged 3.0:1.0 with a reversal of the ratio 
in the marrow with the normoblastie hyperplasia (1.1:1.0) and a microcytic 
and hypochromie anemia in the peripheral blood ; there was an increased myeloid 
ratio (6.69:1) in those marrows with a granulopoietie hyperplasia. The normal 
myeloid-erythroid ratio in our control eases was 2.75 :1.0. 
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TABLE ITI. SUMMARY OF CONDITIONS STUDIED 














LYMPHOID LYMPHOID 
LEUCO- AND MYELOID- CELL AND 
CYTES | ‘‘BLAST’’ | ERYTHROID | COUNT | MYELO- |NEUTRO-| ‘‘ BLAST’? 
(THOU-| CELLS VOLUME THOU- | CYTES) | PHILES CELLS 
SANDS) (%) (%) SANDS)] (%) (%) (%) 
Normal controls (10*) 7.45 29.5 6.8 300.0 10.8 23.1 17.8 
Infectious mononucleo- 10.S 64.0 14.4 430.0 24.8 7.9 10.0 
sis (25) 
Whooping cough (1) 17.8: 86.0 12.0 410.0 35.0 5.0 20.0 
German measles : 24.0 5.0 230.0 8.0 4.0 5.0 
(Rubella) (1) 
Chronic lymphocytosis 28.i 54.5 5.0 19.5 11.0 
(2) 
Chronic lymphatic leu- . 77.0 Hyper- 50 and 
cemia (14) plastic higher 
Acute and subacute lym- 11.67 39.0 Hyper- Marked 
phatie leucemia (24) plastic (over 90) 
Acute leucemia (atypical 10.4 50.0 Hyper- Marked 
types) (8) plastic (over 90) 


7 | PERIPHERAL BLOOD BONE MARROW STUDIES 
| 
| 








22.0 








*Number of cases studied. : 


Besides the ‘‘normal’’ controls, the blood and bone marrow was studied in 
cases Of whooping cough, German measles, chronic nonleucemie lymphocytosis, 
chronic lymphatic leucemia, acute and subacute lymphatie leucemia, and acute 
‘“‘atypical’’ types of leucemia. These findings are recorded in Tables I to III. 


CHRONIC NONINFECTIOUS LYMPHOCYTOSIS 


Three cases of chronie lymphocytosis were studied in two men, one 46 and 
the other 48 years of age, and a woman 42 years of age. The average blood and 
bone marrow studies in the men are recorded in the tables. The woman pre- 
sented similar clinical and hematologic findings. In these eases it was noted 
during a routine blood examination that a lymphocytosis consisting of normal 
small lymphocytes comprised a large part of the differential count. There was 
no lymphadenopathy nor splenomegaly. The bone marrow of the woman patient 
studied showed a slight hypoplasia, quantitatively, with a myeloid-erythroid 
volume of 3 per cent. The myeloid, erythroid, and megakaryocytie elements 
showed all the phases of normal development, and 50 lymphocytes were counted 
among 100 nucleated bone marrow cells. The two eases recorded in the tables 
have been observed for over seven years and have not showed any clinical or 
hematologic changes. It is difficult to classify these cases. They may represent 
early eases of chronic lymphatic leucopenie leucemia or cases of chronic benign 
lymphocytosis. Only continued clinical and hematologic observations will finally 
reveal the diagnosis. 

WHOOPING COUGH 


A case of whooping cough in a boy 6 years of age was studied hemato- 
logically. The findings in the blood and bone marrow are recorded in the table, 
and it will be noted the anemia is of a simple microcytie type. In spite of the 
marked lymphocytosis in the peripheral blood, the bone marrow reveals approx!- 
mately the same number of lymphocytes found in the normal bone marrow. 
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The erythroid and megakaryocytic tissues were normal and myelopoiesis was of 
a toxie type. 
GERMAN MEASLES (RUBELLA) 

In a ease of German measles in a medical student 26 vears of age, the 
peripheral blood studies with the exception of the blood film were normal. The 
marked toxie shift to the left in the Sehilling index with the presence of 6 
plasma cells among 100 leucocytes was the most significant abnormality in the 
peripheral blood. With the exception of a slight increase in the number of 
megakaryocytes and a moderate toxie type of granulopoiesis, the bone marrow 
was normal. The number of lymphocytes in the bone marrow was decreased. 
No plasma cells were observed in the marrow in spite of these frequent findings 
in the peripheral blood. The significance of plasma cells in various infective 
conditions has been previously noted.*° 


LEUCEMIA 

Forty-six cases of leueemia were studied as controls (see Table II1). In 
chronic lymphatie leucemia, irrespective of the quantitative or qualitative 
lymphocyte count in the peripheral blood, the bone marrow revealed a moderate 
to marked lymphoeytie replacement of the bone marrow, depending upon the 
stage and duration of the disease. In the subacute and acute cases of lymphatic 
leucemia as well as stem cell, myeloid, monocytic, and atypical types, the bone 
marrow was always filled with proliferative types of blast cells which replaced 
the normal bone marrow elements (Fig. 5). This resulted in the neutropenia, 
anemia, and thrombopenia in the peripheral blood. The findings in the marrow 
were observed whether the leucocyte count in the peripheral blood was normal, 
subleucemie (leucopenic), or increased. 


DISCUSSION 

The diagnosis of infectious mononucleosis is based on three essential factors : 
(1) the clinical picture, (2) the serologic reaction, and (3) the hematologic 
studies, especially cytologic study of the blood. The presence of a relative 


large number of atypical ‘‘leucocytoid’’ lymphocytes is the most constant and, 


therefore, the most useful diagnostic sign of the disease. 

Anemia does not occur in uncomplicated cases. The finding of a normo- 
cytic anemia in several of our eases and the presence of an iron deficiency anemia 
in one of our eases in all probability existed prior to the infectious mono- 
nucleosis. The toxie process associated with the disease is of too short duration 
to produce a toxie anemia. The study of the erythroid elements in the marrow 
of our cases with anemia was that seen in long-standing anemia states. In some 
of the cases without an anemia in the peripheral blood, a few clusters of normo- 
blastic tissue were seen which was indicative of an erythropoietic response to an 
acute toxie condition. These normoblastic clusters in the bone marrow were 
of infrequent occurrence, in contrast to the frequent and widespread areas of 
erythropoietic activity seen in chronic anemia. The platelet count was normal 
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in most of the cases and moderately increased in several of the other cases of 
infectious mononucleosis. A low platelet count was not seen in our cases, and 
the bone marrow megakaryocytes were normal or increased in number with 
normal morphologie characteristics. 


The abnormal cells which characterize the disease have been previously 
described. It is generally agreed that the cell is a benign type of lymphocyte 
which has its origin from the reticulum of the lymphatic tissue anywhere in the 
body. Apparently, the reticulum of the bone marrow does not take any active 
part in the formation of the atypical lymphocytes seen in this disease. It may be 


_ Fig. 5.—Bone marrow (concentration technique) from a case of acute leucopenic mye- 
losis showing the marrow filled with myeloblasts which have replaced the granulopoietic, 
erythropoietic, and megakaryocytic tissue. 


that the products of the proliferative granulocytic cells in the bone marrow act 
as a protective mechanism during the toxic and neutropenic phase of the disease. 
Although little is known concerning the function and the potentialities of ab- 
normal lymphocytes seen in the blood in cases of glandular fever, they lack 
the metastatic or replacement characteristics of the pathologic lymphocytes seen 
in the malignant lymphomas and leucemia. In infectious mononucleosis which 
is associated with a large number of atypical lymphocytes in the peripheral 
blood, the bone marrow shows a lack of lymphocytic infiltration and replace- 
ment of the marrow by lymphocytes seen in cases of lymphatic leucemia. 
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A number of cases of infectious lymphocytosis*® have been reported in 
which there was a marked total leucocytosis with a high relative lymphocytosis 
and without clinical signs or symptoms. Leucocyte counts as high as 120,000 
and differential counts with 97 per cent lymphocytes occurring in children have 
been reported. In several cases the bone marrow revealed many lymphocytes. 
There is no assurance that the presence of the lymphocytes in the bone marrow 
was not due to admixture with peripheral blood. The peripheral blood in 
these cases may resemble that seen in chronie lymphatic leucemia, but the bone 
marrow lacks the replacement or infiltration characteristic of lymphatic leucemia. 


Fig. 6.—Bone marrow (concentration technique) from a case of acute infectious lympho- 
cytosis showing moderate myeloid immaturity, normoblastic activity, and a few mature lympho- 
cytes. The leucocyte count in the peripheral blood was 60,000 with a differential count con- 
sisting of 80 per cent small normal lymphocytes. Heterophile antibody reaction was negative. 


In several of these cases studied by Limarzi and Poncher,** the bone marrow was 
hyperplastic and resembled the marrow of infectious mononucleosis (Fig. 6). 
Thus, bone marrow studies will immediately separate a malignant lymphocytic 
condition from a benign or nonleucemic reaction. It is of interest that the 
lymphoeytes observed in the acute and chronie benign lymphocytosis do not 
possess the potentialities of transforming into macrophages as observed by 
Kolouch®® in his experimental work on the lymphocytes in acute inflammation. 
Apparently, normal lymphocytes and atypical lymphocytes seen in lymphocytic 
reactions possess none of the malignant or transformation potentialities of 
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either leucemic cells or lymphocytes seen in acute inflammation; yet, leucemic 
and nonleucemic lymphocytes may appear morphologically similar. The patho 
logie, physiologic, and potential differences between benign and malignant types 
of lymphoeytie elements are of interest in view of the recent work of Stedman** 
on the chemistry of the cell nuclei and the studies of Ehrich and Harris*® on the 
role of the lymphocytes in relationship to antibody formation. Malignaney or 
malignant cells produced by very diverse causes differ from the normal chiefly, 
if not entirely, by the aequisition of the capacity for uncontrolled growth. Ac- 
cording to Stedman any agent which interferes with the chemical nature of the 
nucleus, that is, which causes the histone content of the nucleus of a cell to fall 
below a certain unknown level, will render that cell malignant unless some 
mechanism is present to restore histone to the nucleus. Whether this line of 
investigation can be carried to explain the pathologic physiologic differences be- 
tween normal lymphocytes, the atypical lymphocytes of infectious mononucleosis, 
and the malignant lymphocytes of leucemia is an interesting speculation. It 
has been suggested by the work of Ehrich and Harris*® that the macrophages, 
the granular leucocytes, and the normal lymphocytes should be regarded as a 
team of substantially equal importance whose coordinate activities are essential 
for effective defense against infection. The granulopenia and the presence of 
atypical lymphocytes which may lack the power of formation of antibodies which 
are present in normal lymphocytes*! and protect the body from infection may 
be the cause of the toxie reaction seen in infectious mononucleosis. The toxic 
agent would then act on the bone marrow to produce a so-called maturation 
arrest and resultant myeloid hyperplasia; or the suppression of their delivery 
(release mechanism) to the peripheral blood results in a myeloid hyperplasia. 


CONCLUSIONS 


1. In spite of the large number of atypical lymphocytes in the peripheral 
blood in infectious mononucleosis the bone marrow is not involved. 

2. The bone marrow in infectious mononucleosis reveals a myeloid hyper- 
plasia and immaturity. 

3. Either the ‘‘toxie agent’’ acts on the bone marrow to produce a myeloid 
hyperplasia and suppresses their delivery to the peripheral blood or the sup- 
pression of the myeloid tissue results in a myeloid hyperplasia. 

4. The atypical lymphocytes in infectious mononucleosis show none of the 
metastatic or replacement characteristics of leucemia cells. In contrast, eases of 
leucemia with many abnormal cells in the peripheral blood, the bone marrow 
reveals varying degrees of replacement of the normal marrow by leucemie cells. 
The replacement characteristic of leucemic cells in lymphatie leucemia is seen 
in the bone marrow when the blood count is leucopenic, normal, or increase in 
type. 


5. Sternal puncture is of diagnostic aid in differentiating benign nd 
malignant types of lymphocytosis, 
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PRESERVATIVES FOR SYPHILITIC SERUM WITH SPECIAL 
REFERENCE TO THE USE OF MERTHIOLATE 


CHARLES C. Crort, M.S.,* anp Lucia L. Smire 
Fort McPuerson, Ga. 


ANY serologists prefer to receive whole blood specimens for the performance 
M of serodiagnostic tests for syphilis. Others request serum, when speci- 
mens must be shipped from a distant point, in order to eliminate hemolysis and 
decomposition of the blood, especially during summer temperatures. Contamina- 
tion of such separated serum frequently occurs, as it is not always practicable 
to separate serum under sterile conditions, and unsatisfactory, anticomple- 
mentary, or less accurate serologic tests often result. Preservative substances 
may be added to the sera to inhibit bacterial growth, but these must not alter 
syphilitic reagin nor affect specificity. Preservatives have been employed in 
serum samples sent out for special serologic surveys' or for serodiagnostie evalu- 
ation studies, without general knowledge of specific data concerning the effects 
of preservation and of the aging of sera. 

Merthiolate (sodium ethyl mercuri thiosalicylate)+ was recommended? as 
a bacteriostatic agent in spinal fluid specimens in 1:1,000 to 1:10,000 coneentra- 
tions, and it has been used by the authors for more than two years with notable 
suecess in spinal fluids sent by mail from a seven-state area. Crawford and 
Hertert® preserved sera for Wassermann tests by adding from 1.3 to 4.0 mg. per 
eubie centimeter of sulfanilamide, with no change in test reaction in eighteen 
days at room temperature and in observation of over 3,000 sera in duplicate. 
Perstein and Fishback* preserved Wassermann positive sera with 50 per cent 
glycerine, and when thus treated the reagin was found to survive prolonged 
heating at 56° centigrade. Rouslacroix and associates* ® added 8-hydroxyquin- 
line sulfate (sunoxol) in 1:5,000 concentration to preserve whole blood for the 
Wassermann test. 

A number of substances have been used as preservatives for immune sera 
and for biologie products. -Marshall’ reviewed and compared, from the stand- 
point of bacterial growth inhibition, some of the previously used serum pre- 
servatives. The following concentrations he found most favorable for bacteri- 
ostasis: tricresol, 0.2 per cent; 8-hydroxyquinoline sulfate (chinosol), 1:5,000; 
merthiolate, 1:5,000; glycerine, 1 per cent; and formalin, 0.2 per cent. Formalin 
had a destructive effect on serum antibodies, and the chinosol was not a good 
preservative. Boyd* found that toluene was not as satisfactory as the acriflavine 
or brilliant green dyes for preserving blood grouping sera. Jamieson and 
Powell® used merthiolate in vaccines, toxins, toxoids, bacteriophages, and sera 
and found minimum injury to labile antigen and antibody fractions. Its high 


Krom the Fourth Service Command Medical Laboratory. 
Received for publication, July 31, 1946. 
*Captain, Sanitary Corps, Army of the United States. 


‘Throughout this article the term Merthiolate is used repeatedly and is so written, re- 


Sg each instance to this compound manufactured by Eli Lilly and Company, Indiana- 
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degree of solubility, freedom from precipitation and coagulation characteristics, 
as well as its germicidal effectiveness in protein solutions, allowed it to be par- 
ticularly useful in materials of a labile nature affected by the usual preservatives. 
Morgan and co-workers'’® and Povitsky and Eisner™ found merthiolate superior 
to phenol in the maintenance of the immunization properties of diphtheria tox- 
oid. Waller’? noted that merthiolate destroyed anti-Rh factors but not normal 
isoagglutinins in anti-Rh serum. Pressman and Grossberg'™ showed that it inter- 
fered with the specific precipitation of antisera against beef or sheep serum 
coupled with diazotized p-amino benzoic acid. Simmons and Gentzkow' noted 
that sodium fluoride may be used to preserve whole blood specimens sent by mail 
for chemical tests, the preservative effect being due to the inhibition of enzyme 
action. 

The present study was undertaken to compare the preservative effect of 
those substances mentioned in the literature, with special reference to any inter- 
fering action on syphilitic reagin, and to include others which seemed worthy of 
trial. It was also planned to check more carefully the efficiency of the substances 
which gave the best preliminary results and to determine their desirability for 
routine use in sera mailed to a central laboratory for serologic testing. 


EXPERIMENTAL 


Comparison of Preservatives——In addition to the preservative substances 
cited in the references, the following were used: sulfo-merthiolate (sodium 
p-ethyl mercuri thiosulfonate),* phenylmercuric borate, phenylmercuric nitrate, 


rivanol (ethoxydiamino-acridine),+ zephiran chloride,} compound one (earboxy- 
methoxylamine hemihydrochloride) ,{*° penicillin, chloroform, and thymol. 


The preliminary tests were performed by adding nineteen different pre- 
servatives, in a presumably optimum range of concentrations, to 5 ¢.c. samples of 
a Seitz filtered pool of positive reacting syphilitic sera. The 5 e¢.c. samples of 
sera were distributed in 9 ¢.c. nonsterile vials with vinylite lined serew caps, 
as bacterial contamination was desired to test the maximum effectiveness of the 
preservatives. Including the contro] serum not containing a preservative, thirty- 
eight trials were set up in duplicate. The two groups were read by two serolo- 
gists, and the tabular results are the average of their observations. When pos- 
sible the preservative substances, diluted with physiologically normal saline, were 
added to the vials in 0.1 ¢.c. amounts, the original concentration of each being 
at such a level that upon the addition of the 5 ¢.c. serum sample the final desired 
dilution was attained; that is, 0.1 ¢.c. of 5.1 per cent merthiolate in 0.85 per cent 
saline was added to the vial for the 1:1,000 concentration. It was necessary to 
weigh out carefully into the test vials the phenylmercurie salts, rivanol, thymol, 
sodium fluoride, and sulfanilamide, because of their insolubility ; and in these 
instances 0.1 ¢.c. of saline was added to the vials and to the control serum s}ecl- 
men for comparable effect. Phenol was dissolved in 95 per cent ethanol. Glycer- 
ine in 50 per cent concentration diluted the serum, so that quantitative Kahn 
test titers were multiplied by two to give comparable figures. 

*Furnished by courtesy of Eli Lilly and Company, Indianapolis, Ind. 


+Furnished by courtesy of Winthrop Chemical Company, Inc., New York, N. Y. 
tFurnished by courtesy of Dr. C. B. Favour, Peter Bent Brigham Hospital, Boston, ©ass. 
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Standard and quantitative Kahn tests were performed on the serum pool 
at the beginning of the trials and on a 1 ¢.c. portion withdrawn from the pre- 
pared samples at intervals of 4, 7, 10, and 17 days. The preserved samples were 
examined macroscopically for contamination at each test interval, and stained 
smears of each serum were examined at the end of the seventeen days. An aver- 
age of the duplicate test quantitative Kahn reactions, and of the relative de- 
erces of contamination of the sera, is shown in Table I, together with concentra- 
TABLE I. EFFECT OF TEST PRESERVATIVES IN VARYING CONCENTRATIONS ON POSITIVE SYPHILITIC 

SeruM, Two RUNS AVERAGED (ORIGINAL KAHN REACTION, 80 KAHN UNITS) 


_ CONTA M INATI( )N 


QUANTITATIVE KAHN 


| REACTIONS F | MICRO- 
| (KAHN UNITS) MACROSCOPIC SCOPIC 
| 
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DAYS | 
| 


CONCEN- [| | a one | l 
TRATION : a a. a | 
IN 


SUBSTANCE | SERUM 


| 
| 
| 
| 
| 
| 
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/17 DAYS 


++ 


117 


Control serum 
Merthiolate 

Merthiolate 2,500 
Merthiolate 5,000 


1:1,000 
iY 
LS 
Sulfo-merthiolate 1:1,000 
Ls 
Lig 
Le 


Pit i4 S14 14 10 Days 


Sulfo-merthiolate 2,500 
Sulfo-merthiolate 5,000 
8-Hydroxyquinoline 1,500 
sulfate 
8-Hydroxyquinoline 1:5,000 
sulfate 
8-Hydroxyquinoline 1:10,000 
sulfate 
Phenylmercurie borate 1: 
Phenylmereurice borate 1:5,000 
Phenylmereurie borate 1:62,500 
Rivanol 1:10,000 
i 
Ds 
Ls 


— 


1,250 


F 1+ I+ 


Rivanol 20,000 80 
Zephiran 25,000 40 
Zephiran 50,000 40 
Compound one 25 mg. 80 
C.C. 
Penicillin 1 unit /¢c.c. 40 
Penicillin 2 units/c.c. 80 
Chloroform .06 @.e.* / 40 
5 Cc.C. 
Chloroform 12 ¢.¢./ 4 . 20 é 24 1} 1+ + 
5 ¢.c. 
Thymol 10 mg./c.e. 0 0 0 Digested protein 
Sodium fluoride 2 mg./e.¢. SO 80 40 24 2 2 
Sodium fluoride 10 mg./e.c. 40 40 40 
Sulfanilamide 1.5 mg./c.c. 80 80 80 
Sulfanilamide 4mg./¢.c. 80 80 80 
Phenol 0.3% 40 40 40 - 
Phenol 0.5% 40 20 20 I 
Formalin 0.2% 0 0 0 
Tricresol 0.2% 40 40 40 
Glycerine 1% 80 80 80 
Glycerine 50% 80 80 80 
Tolno} .06 ¢.¢./ 80 40 SO 
5 ee. 
Acrifiavine 1:100,000 80 80 40 
Acrifiavine 1:200,000 80 40 40 
Brilliant green 1:3,000 80 80 40 
Brilliant green 1:30,000 80 80 80 
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*Note: 1 drop considered equal to .06 cubic centimeter. 
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tions of preservatives used. Because of marked drop in quantitative Kahn re- 
actions, the following preservatives were eliminated from further consideration : 
chloroform, thymol, phenol, formalin, and tricresol. The following were elim- 
inated because of failure to suppress bacterial contaminants in the concentra- 
tions employed: zephiran, penicillin, and acriflavine. Brilliant green imparted 
what we considered an undesirable color to the serum, and glycerine was deemed 
impractical for routine use because of its diluting effect, although it gave ex- 
cellent preservation in 50 per cent concentration ; therefore, these two substances 
were also eliminated. 


TABLE IT. EFFECT or TEST PRESERVATIVES IN VARYING CONCENTRATIONS ON POSITIVE SyYPH- 
ILITIC SERUM, Two RUNS AVERAGED (ORIGINAL KAHN REACTION, 160 KAHN UNITS) 








QUANTITATIVE 
KAHN REACTIONS CONTAMINATION 


(KAHN UNITS) MACROSCOPIC | CULTURAL 








ne 


| 


CONCENTRA- 
TION 
SUBSTANCE IN SERUM ae 


Control 120 
Merthiolate :2,500 120 
Merthiolate 75,000 120 
Sulfo-merthiolate 2,500 120 
Sulfo-merthiolate 75,000 120 
8-Hydroxyquinoline 71,000 120 120 
sulfate 
8-Hydroxyquinoline 72,000 160 120 
sulfate 
Phenylmercuric 75,000 120 120 
borate 
Phenylmercuric 75,000 120 120 120 
nitrate 
Phenylmercuric 750,000 160 120 120 
nitrate 
Rivanol 75,000 120 80 40 40 
Compound one 2 mg./c.c. 160 80 120 120 
Compound one mg./c.c. 160 80 80 80 
Sodium fluoride 5 mg./c.c. 160 160 120 120 
Sodium fluoride 7.5 mg./e.c. 160 160 160 120 
Sodium fluoride 10 mg./e.e. 160 160 160 160 
Sulfanilamide 4 mg./c.c. 160 160 120 80 
Sulfanilamide 5d mg./c.c. 160 120 120 120 
Toluol .06 ¢.e.*/5 ec. 160 120 80 120 
Toluol 12 ¢.c./5 ec. 120 120 80 120 


*Note: 1 drop considered equal to .06 cubic centimeter. 
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Ten preservatives were compared in positive serum for trial two, the range 
of dilutions making a total of twenty different tests in duplicate. Test inter- 
vals were at 7, 10, 14, and 21 days. In addition to observing macroscopic con- 
tamination, 0.1 e.c. of each serum was inoculated into 5 e.e. of nutrient broth 
at each test interval, and the relative degree of developing growth was read 
after forty-eight hours’ incubation. Contamination and the quantitative Kahn 
reactions are shown in Table II. All substances showed some promise of a pre- 
servative effect, with the exception of rivanol, although certain dilutions of the 
substances were relatively ineffective, for example, phenylmercuric nitrate, 
1 :50,000. 
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The following six preservatives were compared with a control serum in 
trial three: merthiolate, 1:1,000 and 1:2,500; sulfo-merthiolate, 1:2,500; 8-hy- 
droxyquinoline sulfate, 1:2,000; sodium fluoride, 10 mg. per cubie centimeter, 
12.5 mg. per cubie centimeter, and 15 mg. per cubie centimeter; sulfanilamide, 
5 mg. per cubic centimeter; and toluol, 1 drop (0.06 ¢.c. per 5 ¢.c.). Three series 
were set up, with positive reacting serum in sterile and nonsterile vials and 
with negative serum in nonsterile vials. Aseptic precautions were used with 
the ‘‘sterile’’ series. The results obtained are not tabulated, for all sera, in- 
cluding the controls, maintained 40 Kahn units for three weeks with the excep- 
tion of the 1:1,000 merthiolate serum, which dropped to 20 units in two weeks 
for the nonsterile vials and to 20 units in three weeks for the sterile vials. The 
positive serum control showed 1 plus and 2 plus contamination in both series 
throughout. The 8-hydroxyquinoline sulfate serum showed plus-minus con- 
tamination in two weeks, and sulfanilamide serum plus-minus to 1 plus contam- 
ination in one to two weeks, and that with toluol allowed plus-minus to 1 plus 
contamination throughout. It was probable that the Seitz filtration did not 
completely sterilize the positive serum pool. In the negative serum trials, in 
nonsterile vials, the control serum and toluol-preserved serum showed 1 plus 
contamination. A nonspecific precipitate developed after two weeks in the 
8-hydroxyquinoline sulfate serum. 

At this point, sodium fluoride appeared advantageous. Vials were pre- 
pared by adding the required amount of 1:25 aqueous solution of the salt and 
drying in a warm temperature, so that concentrations of 5 mg. per ecubie 


ecntimeter and 7.5 mg. per cubic centimeter in serum would be attained by 
adding 3, 4, or 5 ¢.c. of serum to the proper vials. Seventeen vials each of 5 mg. 
per cubie centimeter and 7.5 mg. per eubie centimeter concentration were tested 
with positive and negative sera. Sodium fluoride was shown to affect the specific- 
ity of the Kahn test in one week’s time in 8 of 11 negative sera in 5 mg. per 
cubie centimeter vials and in all 14 of 7.5 mg. per eubie centimeter negative 
serum vials. Kahn reactions as high as 1 3 4 were obtained in the standard test. 


In Table III is shown the effect of merthiolate in concentrations from 1 :1,000 
to 1:10,000, compound one at 1 mg. per cubie centimeter and sulfanilamide at 5 


TABLE III. Errect or TEST PRESERVATIVES IN VARYING CONCENTRATIONS ON POSITIVE SYPH- 
ILITIC SERUM, TWO RUNS AVERAGED (ORIGINAL KAHN REACTION, 40 KAHN UNITS) 
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mg. per cubic centimeter on positive Kahn serum giving a titer of 40 Kahn units. 
Only the control serum and that containing compound one decreased to 20 Kahn 
units in four weeks’ time. The control serum, that containing compound one, 
and that with sulfanilamide showed contamination. 

Further comparisons were made of the effectiveness of merthiolate in 
1:1,000, 1:2,500, and 1:5,000 concentrations, compound one at 2 mg. per eubic 
centimeter of serum, 8-hydroxyquinoline sulfate at 1:2,000, phenylmercuric 
nitrate and borate at 1:5,000, sulfanilamide at 5 mg. per cubie centimeter, and 
toluol at 1 drop per 5 cubie centimeter. Sulfo-merthiolate was not tested further, 
since it showed no advantages over merthiolate. A slightly different method 
of vial preparation was used for these comparisons, in that the preservatives 
were dissolved in water, except for the phenylmercurie salts which were made 
up 1:800 in 95 per cent ethanol (not completely soluble). The sulfanilamide 
was used in a 2 per cent solution in 95 per cent ethanol, and the toluol was added 
to the serum in liquid form. The sterile vials containing the preservatives, with 
the tops loosened, were placed in a desiccator until the diluent had evaporated. 
TABLE IV. Errrect oF TEST PRESERVATIVES IN VARYING CONCENTRATIONS ON POSITIVE SyPH- 

ILITIC SERUM, TWO RUNS AVERAGED (ORIGINAL KAHN REACTION, 40 KAHN UNITS) 

e QUANTITATIVE 
KAHN REACTIONS 
(KAHN UNITS) 


CONTAMINATION 
MACROSCOPIC CULTURAL 


| 1 WEEK 


\ONCENTRA- 
TION 
IN SERUM lo 
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3 WEEKS 

4 WEEKS 
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SUBSTANCE 
Control 
Merthiolate 21,000 
Merthiolate 22,500 
Merthiolate 25,000 
Compound one 2 mg./ce.c. 4 : : =: 
8-Hydroxyquinoline 72,000 - ipitate 

sulfate 

Phenylmercuric -5,000 40 40 14 
borate 

Phenylmercuric 25,000 40 40 40 

nitrate 

Sulfanilamide 5 mg./e.¢. so 40 40 

Toluol 06 ¢.¢c./5 ec. 80 40 40 20 
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|" 
| 
hee 
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Five cubic centimeters of the test sera were added to each vial and were mixed 
thoroughly. Two duplicate groups of positive sera (one of 40 and one of 20 
units) were tested, as were three of negative sera. Tabulation of all results is 
not shown. In the positive serum of 20 units, all preservatives maintained the 
original 20 Kahn unit titer for four weeks, with only toluol allowing slight con- 
tamination. In the positive serum of 40 units, which was set up with a Scitz 
filtered serum that had previously shown gross contamination, phenylmercuri¢ 
borate, nitrate, sulfanilamide, and toluol did not restrain bacterial growth; 
whereas, merthiolate completely inhibited growth (Table IV). Compound one 
and toluol allowed a quantitative Kahn decrease in titer from 40 units to 20 
units in four weeks. 
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TABLE V. 
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EFFECT OF MERTHIOLATE 1:2,500 ON KAHN REACTIONS OF SERA WHICH STOOD ONE, 
AND THREE WEEKS At ROOM TEMPERATURE 


THREE WEEKS 


“NUMBER | PER 
OF SERA | CENT 


88 —s 489 
29 (1 ) 16.1 

10(2 21!) 5.6 
2600202~C:*«‘<244A 
7 (27) 3.9 
3(I!) ied 
e #a 
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1800 


t ot: uls 200 100.0 200. 


Note: 23 negative sera were also included in this trial for the two weeks period and 
19 for the three-week period. Four gave slight plus-minus or 1 plus reactions in single tubes 
on rare occasions but never sufficient to change the report to doubtful. 

*Based on one reading, a 3-tube total of 5 to 12 plus is Positive; 2 to 
to 1 plus, Negative. 

+Reaction remained 
than one dilution. 

tPositive to doubtful, doubtful to 
not more than three dilutions. 

§Positive to negative or a quantitative 

Contaminated. 

{No greater difference 


“700.0 


4 plus, Doubtful; 0 


in same group, or quantitative test end point differed in not more 


negative, or a quantitative end point difference of 


end point difference of four dilutions, or more. 


than 3 plus but sufficient to change the reported reaction. 


In the three trials with negative sera, totaling sixty tests, the substances 
listed in Table IV did not affect the specificity of the Kahn test over a four-week 
period, although 8-hydroxyquinoline sulfate gave a confusing extraneous precipi- 
tate in two weeks in all instances. In two of these series, toluol allowed con- 
tamination to develop. 

Practical Use of Merthiolate— 
apparent superiority of merthiolate ; hence, it was chosen for further trial. 


-The preceding experiments demonstrated an 
sSerew 


TABLE VI. Errect oF MERTHIOLATE 1:1,000 ON KAHN REACTIONS OF SERA WHICH STOOD ONE, 


Two, AND THREE WEEKS AT RooM TEMPERATURE 


ONE WEEK | | 


‘TWO WEEKS a x 
PER | NUMBER PER 

CENT | OF SERA CENT 
48.1 ao 40.7 


ORIGINAL KAHN | CHANGE FROM | __ 

TEST REACTION ORIGINAL KAHN NUMBER | 
GROUP* | REACTIONS OF SERA 

Positive No changet 39° 

(4 Kahn units Slight change} 19 23.5 19 23.5 

or above) Significant change§ 3 3.7 9 11.1 

~ oe 8 9.9 

4.9 1f 
2.5 6 


‘THREE WEEKS _ 


| NUMBER| PER 
CENT 


| OF SERA | 
36.7 


27.9 














Positive 
2 plus and 3 
plus reactions ) 


Doubtful 
(1 plus reaction) 








No changet 9 
Slight change} 4(4) 
Significant change$ 2 








No changet :.., Se 2 “ 

Slight changet 3(29) 3.7 3(2 a 3(2 3.8 
Totals gi 100.0 100.0 
Note: 

Which gave 











12 negative sera were also included in this trial for the three-week period, one of 
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5 to 12 plus is Positive; 2 to 


a false doubtful reaction in two weeks (+11) 
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sap vials of 9 ¢.c. capacity were autoclaved. 
of serum the resultant concentrations of 
To accomplish this, six tests of these steril 


upon the addition of 3, 4, or 5 ee. 
1:2,500 and 1:1,000 were obtained. 


AND SMITH 


Two series were so prepared that 


vials were prepared containing, respectively, 0.1 ¢.c. of merthiolate prepared in 


1:33.3, 1:25, 1:20, 1:83.3, 1:62.5, and 1:50 aqueous dilutions. 


Addition of 3, 4, 


or 5 ¢.c. of serum, respectively, to vials containing the first three concentrations 


TABLE VII. 
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MEN | REACTION | 
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1:2,500 Merthiolate 
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SERA SHOWING SIGNIFICANT CHANGES IN KAHN TITER 


CLINICAL NOTES 


Early latent syphilis; previous R 

Neurosyphilis, asymptomatic; previous R 

Gonorrhea; early latent syphilis; R at 
time of specimen 
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No record 
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Late latent syphilis 

No record 

Late latent syphilis 

Same as Specimen 55 above 

False positive due to smallpox vaccina 
tion month before 

Same as Specimen 63 

Same as Specimen 81 above 

Early latent syphilis, no R 

Same as Specimen 92 above 

Questionable primary; observed 
month, dismissed without R 

No record 

No record 

No record 

Same as Specimen 148 above 

Mucocutaneous relapse 

Same as Specimen 81 above 

Old syphilis, previous R; chancroid 0! 
lymphogranuloma at time of specimen, 
no R 





K.U., Kahn units. 
R, Treatment. 
*Contamination. 
7Same patient. 
tSame patient. 
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gives a 1:1,000 concentration. Similarly, such quantities in the last three tubes 
gives a 1:2,500 concentration. 

The blood samples were obtained in 30 ¢.c. vacuum venules from patients at 
the local venereal disease clinic. They were refrigerated until the sera were 
separated and placed in the vials containing merthiolate. In some instances, 
serum stood on the clot for as long as three days. The sera were then kept at 
room temperature in the dark, and 1 ¢.c. portions were removed immediately 
after adding the serum and at intervals of one, two, and three weeks, unless they 
were sooner exhausted. These portions were centrifuged, decanted, inactivated 
for thirty minutes at 56° C., and then tested by the Kahn standard and by the 
quantitative technique when indicated. 

Results with the two series are shown in Tables V and VI. The original 
Kahn reactions were separated into a quantitative group showing 4 Kahn units 
or more, a positive group showing 2 or 3 plus reactions, a doubtful group, and a 
negative group. Changes at one, two, and three weeks were tabulated as show- 


“ec 


ing ‘‘no change,’’ ‘‘slight change,’’ or ‘‘significant change’’ (see footnote criteria 
in Tables V and VI. The 1:1,000 merthiolate gave a greater percentage of sig- 
nificant changes than did the 1:2,500 concentration, and both series showed 
greater decreases in titer after two and three weeks than at one week. One 
negative serum (1:1,000 preservation) became doubtful (+11) in two weeks 
but at the end of three weeks reverted to negative (—~ — 1). Otherwise there 
were no changes in specificity. 


TABLE VIII. DirrFERENCES IN KAHN REACTIONS OVER TWO- OR THREE-WEEK PERIODS WITH 
SAME SERA AT TWO CONCENTRATIONS OF MERTHIOLATE (1:2,500 AND 1:1,000) 








NUMBER GIVING NUMBER GIVING 
DIFFERENCE IN REACTIONS BETWEEN HIGHER TITER AT | HIGHER TITER AT 
THE TWO S 1:2,500 1:1,000 
Agreement = 
Slight disagreement 15 
Significant disagreement 10 


Totals _ 











i a 25 








After three weeks, of the sera in the 1:1,000 series, 45.5 per cent showed 
“no change’’ in titer, 33 per cent showed a ‘‘slight change,’’ and 21.5 per cent 
showed a ‘‘signifieant change.’’ The sera in the 1:2,500 series gave the following 
at the end of three weeks: 67.7 per cent ‘‘no change’’; 25 per cent ‘‘slight 
change’’; 7.3 per cent ‘‘significant change.’’ In Table VII are listed the cases 
with significant changes in the Kahn reaction, and notes as available are included. 


It was possible to preserve ninety-three specimens in both concentrations. 
The results are summarized in Table VIII. The 1:2,500 dilution gave better 
results in a proportion of 5 to 1. In Table IX are listed the detailed results in 
those cases of significant disagreement. 


Of 223 sera preserved by the 1:2,500 dilution, 14 showed contamination: 
0 at one week, 7 at two weeks, and 2 at the end of the third week. Of 93 sera 
preserved by the 1:1,000 dilution only two specimens were contaminated. 
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TABLE IX. TABULATION OF DUPLICATE SERA SHOWING SIGNIFICANT DISAGREEMENT WHEN 
PRESERVED (1:2,500 AND 1:1,000 WitH MERTHIOLATE) 





| ORIGINAL REACTIONS | | 
SPECIMEN 1:2,500 | 1:1,000 | 1:2,500 | 1:1,000 | 1:2,500 | 1:1,000 | 1:2,500 | 1:1,000 


ONE WEEK TWO WEEKS | THREE WEEKS 











32 -44 -44 134 112 123* --- -34* --+ 
39 20 K.U. 40 K.U. 40 K.U. -24 40 K.U, -12 40 K.U. No test 
63 4K.U. 4 K.U. -34 -+3 -24 --- --2 --- 
72 4K.U. 4 K.U. -44* -11 -23* --— -+3* --— 
85 200 K.U. 200 K.U. 200 K.U. 120 K.U. 200 K.U. 20 K.U. 120 K.U. 20 K.U. 
94 344 344 ~44 --1 -44 —-+ -34 

123 --- --- ae —++ --- +11 -<— 

132 4K.U. 4 K.U. —44 -23 -24 --- ~44 

136 -44 -44 -24 +4 -23 --- -44 

149 -44 44 -24 -24 ~44 24 

152 -44 -44 -44 —r4 ~44 ~44 


--KU., Kahn units. 

*Serum showed contamination. 

DISCUSSION 

Inaccurate or unsatisfactory Kahn reactions have undoubtedly resulted, in 
the past, from either distant shipment of plain sera or the use of various pre- 
servatives unknown to the serologist. It is possible that syphilitic serum loses 
reagin to some extent after it has been separated from the elot,’® and unless 
shipped as whole blood, or with a satisfactory preservative, undersensitive tests 
will be reported from the distant laboratory. 

The present study indicates that none of the preservatives, in concentrations 
tested, shows a better preservative effect on syphilitic serum than merthiolate. 
Sulfo-merthiolate appeared to be almost as satisfactory. Compound one in a con- 
centration of 2 mg. per cubie centimeter was useful in this application. Neither 
sulfanilamide, phenylmercurie borate or nitrate, nor toluol gave consistent bac- 
terial inhibition in sera, although reagin content did not decrease appreciably 
in their presence. Crawford and Hertert’s*? recommendation of sulfanilamide 
was not confirmed in our limited study. The phenylmercuric salts are in- 
practical because of their low solubility. Glycerine, which in 50 per cent con- 
centration preserved reagin, cannot be used routinely because of the high dilu- 
tion required. 

The use of sterile rather than nonsterile vials in the first part of the study 
did not prove advantageous, since bacterial contamination was desired to test the 
effectiveness of the preservatives. Either the vials or the serum furnished the 
contaminants in most instances, as would often occur in practical application of 
preservatives to serum. 

Merthiolate was effective bacteriostatically in 1:1,000 to 1:10,000 concentra- 
tions. The 1:1,000 concentration gave a greater percentage of decreased Kahn 
titers and one nonspecific reaction ; therefore, 1:2,500 is recommended for prac- 
tical usage. Merthiolate 1:2,500 did not markedly interfere with reagin over a 
three-week period in 92.7 per cent of 180 positive sera. The drop in one week was 
less, 96.5 per cent of 200 sera remaining unchanged or dropping insignificantly. 
The comparative figure at one week’s time for the 1:1,000 series was 93.8 per cent 
of 81 sera. Under present conditions of transport, sera should reach a laboratory 
within one week. 
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The seven cases (3.5 per cent of total) in the 1:2,500 series, which changed 
significantly in one week (see Table VII), would have given one false negative 
(Specimen 92), and it was contaminated. Three others (Specimens 26, 81, and 
150) were from patients not known to have syphilis. The other three (Speci- 
mens 6, 20, and 64), though reduced in reagin, still gave strong positives. Of 
twenty-six eases showing significant reduction of reagin in Table VII, for which 
clinical data were available, nine were either receiving penicillin or had just 
completed such treatment at the time the blood was obtained. Undue significance 
must not be attributed to this, for many of the other cases in this study were 
likewise being treated or had just completed treatment, vet showed no decrease 
in reagin. 

alse positive sera may decrease in titer. Three specimens were obtained 
from a patient (Case 1) diagnosed as having false positive reactions due to recent 
immunizations and smallpox vaccination, also having a history of upper re- 
spiratory infection. Another patient (Case 2) had a false positive reaction due 
to a malaria attack two and one-half weeks previously. A third patient (Case 3), 
a 17-year-old inductee, incorrectly recorded as having early latent syphilis, de- 
nied exposure and had other quantitative fluctuations from 360 Kahn units to 
negative. These reactions are shown in Table X. 

TABLE X. KAHN REACTIONS SHOWING Drops IN TITER ASSOCIATED WITH FALSE 
POSITIVE REACTIONS FROM THREE PATIENTS 








| |specr-| ORIGINAL = |—-: ONE _ WEEK TWO WEEKS | THREE WEEKS _ 
DATE | CASE| MEN |1:2,500 | 1:1,000 |1:2,500 | 1:1,000 |1:2,500 | 1:1,000 1:2,500 | 1:1,000 
1/31 ] 58 20 K.U. 20K.U. 444 244 -2% -14 -23 —_— 
2/5 1 63 4K.U. 4K.U. -3 -+3 -24 - - 








1 72 . 44 
21 2 16 i 
> ar ieee 
27 3 150 


K.U., Kahn units. 


ms 23 

















Five sera from both series showed very slight increases in titer after two 
weeks, one of which resulted in a nonspecifie Kahn reaction (— 11) in 1:1,000 
merthiolate concentration, the only instance of the development of a false re- 
action with merthiolate. 

Contamination either enhanced or decreased Kahn titers in sixteen instances. 
Given sufficient inoculum, 1:2,500 merthiolate will allow contaminants to in- 
crease, usually within two weeks. Tests on such sera should be carefully consid- 
ered and rechecked with another specimen if possible. 


‘ 


The criteria for designating change in reaction as ‘‘no change,’’ ‘‘slight 
change,’’ or ‘‘significant change’’ were devised so that they would coincide with 
a pliysician’s usual interpretation of such reports were he to receive them in 
following a ease. A false drop in quantitative titer of three dilutions in a pre- 
served sample might be misleading. Quantitative titers on preserved sera should 
be interpreted with eare. 
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SUMMARY AND CONCLUSIONS 


A study of the preservation of syphilitic reagin as demonstrated by the 
Kahn test is presented. 

Twenty preservative substances were compared for their effect on positive 
syphilitic sera and on negative sera over periods of two and one-half to four 
weeks at room temperature. None gave greater preservation than merthiolate 
(sodium ethyl mereuri thiosalicylate), which was effective, depending on the 
amount of original contamination, in concentrations of 1:1,000 to 1:10,000. A 
comparison of two concentrations revealed that serum containing 1 :2,500 merthi- 
olate showed less drop in reagin content than that with the 1:1,000 amount. Test 
specificity was not affected when concentrations less than 1:1,000 were used. 


A practical method of preserving sera with merthiolate 1:2,500 for shipment 
by mail is described. Less than 4 per cent of 200 sera so tested showed a signifi- 
cant loss in titer in one week’s time, and only 7.3 per cent showed a significant 
decrease in three weeks. The use of such a method of preservation would result 
in more accurate serology in instances where whole blood cannot be sent to a 
laboratory without danger of gross deterioration. The method is not intended to 
supplant shipments of whole blood when such can be made satisfactorily. 


The authors wish to express appreciation to Colonel V. H. Cornell, Medical Corps, and 
to Dr. C. R. Rein (formerly Lieutenant Colonel, Medical Corps), for critical reviews of the 
manuscript. 
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SECONDARY BACILLUS PYOCYANEUS INFECTION IN MENINGITIS 
FOLLOWING INTRATHECAL PENICILLIN THERAPY 


Rutu C. Harris, M.D.,* Linuian Buxpaum, M.A.,+ AND 
EMANUEL APPELBAUM, M.D.% 
New York, N. Y. 


ROM time to time there have been reported in the literature cases of secondary 

meningeal infections caused by intrathecal punctures. In 1911, Sehlagen- 
haufer’ reported five cases of Bacillus pyocyaneus meningitis resulting from con- 
taminated saline used in mixing spinal anesthetics administered to these patients. 
A total of eleven cases of B. pyocyaneus meningitis after diagnostic lumbar 
punctures has been reported by Sonnenschein,? Levy and Cohen,* Evans,‘ and 
Wise and Musser.° Kerman and associates,® in 1943, reported a case of B. 
pyocyaneus meningitis following pneumoencephalogram. In this instance a wash 
bottle through which helium was passed was found to be the source of the con- 
tamination. In a review of the literature Kerman stated that among the fifty- 
two cases reported there was a mortality rate of 58 per cent, despite various 
types of therapy, including the sulfonamides. 

During 1945, one of us (KE. A.) observed four patients with pneumococecus 
meningitis who were treated with penicillin, intramuscularly and intratheeally, 
and subsequently developed a secondary B. pyocyaneus meningitis. Two of the 
patients were at the Willard Parker Hospital, where bacteriologic investigation 
established the source of the secondary infection. 


CASE REPORTS 


CASE 1.—Patient A. M., a 9-month-old Puerto Rican female, was admitted Dec. 16, 1944, 
with a diagnosis of pertussis because of a history of coughing and vomiting for six days. 
When first seen the patient had convulsions, the anterior fontanel was bulging, and dilated 
veins were prominent over the scalp. The temperature was 104° F.; pulse, 160; and respira- 
tions, 52. A spinal tap was done, and 10 e.c. of cloudy fluid were removed under increased 
pressure. On direct examination this fluid showed the presence of pneumococcus type XVIII. 

Treatment with 10,000 units of penicillin intramuscularly every three hours and daily 
intrathecal injections of 10,000 units of penicillin in 10 e.c. of saline was started. Orally, 
5 Gm. of sulfadiazine were given daily to maintain blood levels between 9 to 14 mg. per cent. 
After twenty-two days, because the spinal fluid cultures continued to show pneumococci, the 
dosage of the intrathecal penicillin was increased to 20,000 units in bi-daily injections and 
continued for twelve days. 

There were many exacerbations in the course of this patient’s illness, but as the tem- 
perature was normal from Jan. 10 to 19, 1945 (Fig. 1), intrathecal treatment was discon- 
tinued on the nineteenth. On January 22 the temperature rose, the patient again became 
irritable, and the anterior fontanel became tense. Pneumococcus type XVIII was again 
recovered from the spinal fluid, and the bi-daily intrathecal injections of penicillin were 
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tories, Health Department. 
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resumed. For the next three weeks the temperature ranged from 103 to 99° F., and signs 
of meningeal irritation persisted, even though cultures of the spinal fluid showed no growth 
after January 22. On February 8, 100,000 units of type XVIII antipneumococcus serum were 
given intravenously. The temperature elevation gradually decreased and was normal from 
Mareh 7 to 13. During this period spinal fluid drainage was carried out, and intrathecal 
penicillin was administered every morning and in the evenings only when the fontanel was 
bulging. 

On the evening of March 13, 1945, the patient vomited, and at 2 A.M. on March 14 the 
temperature rose to 102° Fahrenheit. The fontanel was bulging, eyes protruded, and the pa- 
tient was irritable. Very thick purulent spinal fluid was obtained under increased pressure, 
and 10,000 units of penicillin were instilled after drainage. This treatment was continued 
until March 17 when a report was obtained that a gram-negative bacillus had been cultured 
from all specimens of spinal fluid from March 14. The bacillus was identified later as B. 
pyocyaneus. From March 18 to the day of death no intrathecal penicillin was administered, 
but bi-daily lumbar punctures were performed to relieve pressure and to drain off fluid. One 
cubic centimeter of heparin was given intrathecally to prevent adhesions. Intramuscular in- 
jections of penicillin were not given after March 25. <A total of 1,580,000 units of penicillin 
intratheeally and 7,430,000 units intramuscularly were administered. No local abscesses were 
ever noted in the buttocks in the region of intramuscular injections. 

The spinal fluid cultures were persistently positive for B. pyocyaneus, and the patient 


grew steadily worse and died on May 14, 1945. 


CASE 2.—Patient, B. H., an 83-year-old white woman, was admitted Feb. 24, 1945, to 
another hospital, with the history of pain in the right ear for two days. A spinal tap was 
done and 20,000 units of penicillin intrathecally and 20,000 units intramuscularly were given. 
The patient was transferred to Willard Parker Hospital on the same day. 

On admission she was unconscious and had a stiff neck, positive Kernig sign, and 
diminished deep reflexes. She was given an infusion of 5 per cent glucose in saline and sodium 
sulfadiazine intravenously. On February 27 it was reported that the spinal fluid and blood 
cultures showed pneumococcus type XIV, and treatment with 20,000 units of penicillin once 
daily intrathecally and 15,000 units intramuscularly every three hours was instituted. Sulfa- 
diazine therapy was also continued. 

The patient became rational on the third hospital day; the temperature gradually fell 
and reached normal on Barch 11, 1945. On March 14 at 2 A.M. the temperature again rose to 
103.4° F, (Fig. 2), and the patient again became slightly irrational. There was marked 
stiffness of the neck and positive Kernig sign. At this time purulent spinal fluid was obtained 
under increased pressure. 

On March 17 the laboratory reported that a gram-negative bacillus was cultured from 
all spinal fluid specimens since March 14 and that this microorganism was also a B. pyo- 
cycneus. Drainage of the spinal fluid was done thereafter without injection of penicillin, The 
patient continued to receive sulfadiazine and intramuscular injections of penicillin. The 
temperature rose from 102 to 105° fahrenheit. She became comatose, developed rales at the 
lung bases and scattered areas of bronchial breathing. She died on March 28, 1945. This 
patient received a total of 380,000 units of penicillin intrathecally and 2,680,000 units intra- 
muscularly, 


CASE 3.—Patient, V. W., a 58-year-old woman, was admitted July 12, 1945, to a hospi- 
tal after an illness of one month’s duration. The symptoms were sore throat, fever, and per- 
sistent headache, The patient had received 300,000 units of penicillin without improvement. 
On July 15, 1945, the patient became lethargic and developed signs of meningeal irritation, 
nancly, rigid neck and positive Kernig and Brudzinski signs. There was also a slight left 
hemiparesis, and the left knee jerk was greater than the right. The lungs were clear, a short 
apical systolic heart murmur was heard, and the spleen was enlarged. Lumbar puncture 
yielicd 20 ec. of cloudy fluid from which pneumococeus type IIE was cultured. The patient 
was treated with large doses of penicillin intrathecally and intramuscularly and sulfadiazine 
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parenterally and orally. This treatment was continued for six days, after which the intra- 
thecal penicillin and oral sulfadiazine were discontinued because of general improvement and 
sterile spinal fluid cultures. 

Four days later the temperature rose to 102° F. (Fig. 3), and a cloudy spinal fluid was 
obtained from which B. pyocyaneus was cultured. This was confirmed by five subsequent posi- 
tive cultures of the spinal fluid. For the succeeding 13 days oral sulfadiazine and intra- 
thecal penicillin were given. Intrathecal penicillin therapy was then discontinued, but daily 
spinal drainage, intramuscular penicillin and sulfadiazine were continued until the tem- 
perature became normal. The patient left the hospital 48 days after admission, completely 
recovered, 


CASE 4.—A. C., a 13-month-old infant, was hospitalized June 25, 1945, with a two-day 
history of fever and dehydration and convulsive tremors of the extremities for one day. Clin- 
ical signs of meningitis were present on admission, and type XVIII pneumococcus was cul- 
tured from the spinal fluid. No primary focus of infection could be found. Treatment con- 
sisted of large doses of sulfadiazine orally and penicillin intramuscularly for two weeks. 
For the first sixteen days of treatment the temperature fluctuated between 102 to 105° Fahren- 
heit. Intrathecal penicillin was given daily from July 10 to July 16 and from July 23 to 
August 3 because of persistent growth of pneumococcus from the spinal fluid. A middle ear 
infection became evident, and bilateral mastoidectomy was performed on July 31. From the 
right mastoid region Staphylococcus aureus was cultured, but no pneumococecus was found. 


On Aug. 6, 1945, three days after the last intrathecal dose of penicillin, the patient’s 
temperature rose to 102.6° F., and signs of meningeal irritation recurred. Cloudy spinal fluid 
was obtained from which B. pyocyaneus was cultured. No more intrathecal penicillin was 
used; however, the intramuscular dosage was continued for four more days, and oral sulfa- 


diazine was continued in doses from 2.5 to 4.0 Gm. daily for the next nine days. The tempera- 
ture gradually became normal and the patient completely recovered. B. pyocyaneus was re- 
covered only on one occasion from the spinal fluid of this patient. 


BACTERIOLOGIC INVESTIGATION 


The day that the B. pyocyaneus was identified from the cultures of the 
spinal fluids of the two patients at Willard Parker Hospital, 20 vials of the 
penicillin that had been used for treatment on that ward were sent to the 
laboratory for study. These vials contained approximately 0.1 to 0.5 ¢.e. of clear 
penicillin solution diluted to 5,000 units per cubic centimeter. They were 
incubated at 37° C. without further dilution and showed no growth and were 
clear after forty-eight hours. However, after diluting the penicillin with 2 
cc. of beef heart infusion broth, by means of a syringe and needle inserted 
through the rubber stopper, B. pyocyaneus was recovered after twenty-four 
hours ineubation at 37° C. or room temperature. 

In order to check laboratory technique 16 additional vials, after use on that 
ward, were tested as follows: The aluminum band and rubber cap were removed, 
and 2 ¢.c. of broth were added from individual broth tubes by separate pipettes 
to each vial. All these vials of penicillin showed growth of B. pyocyaneus in 
twenty-four hours. The control broth tubes showed no growth after ninety-six 
hours of incubation at 37° Centigrade. 


The method of preparing and administering the penicillin on the wards at 
our hospital was as follows: The penicillin was dissolved in 20 e.c. of saline 
drawn from a 500 e.c. ‘‘Sterisol flask.’? Individually wrapped syringes and 
needles, which were autoclaved, were used for the original dilution and for each 
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intrathecal dose. The rubber stopper was cleansed with aleohol before the 
needle was inserted. However, the intramuscular doses given at three-hour 
intervals were obtained by 2 ¢.¢. syringes which were kept in a covered jar 
after having been boiled. Penicillin for both intramuscular and intratheeal 
doses for all patients receiving the drug were withdrawn from one vial until 
it was exhausted. 

In order to determine the source of the B. pyocyaneus on the ward in which 
the infection occurred, penicillin from three fresh vials was cultured on the 
ward immediately after the diluent (saline) was added and also at the time ot 
each (three- to four-hour intervals) intramuscular dose. Two-tenths cubic 
centimeter of penicillin from the syringe containing the intramuscular dose 
was added to 3 «ec. of broth before injection. The broth tubes were then in- 
cubated for ninety-six hours, and readings were made daily. Gram stains and 
subeultures into broth and on agar were made to identify the microorganisms 
found. 

After ninety-six hours incubation no growth was observed in the cultures 
of the diluent (saline) and the penicillin immediately after dilution. However, 
B. pyocyaneus was found in all cultures of the penicillin which was drawn into 
2 ¢.e. syringes for intramuscular injection. 

At the same time the procedure outlined was also followed in the laboratory. 
One vial of penicillin was freshly diluted, and ten 0.2 ¢.c. samples at three-hour 
intervals were obtained by puncturing the disinfected rubber cap with a needle 
and a syringe. None of the cultures of the samples taken in the laboratory 
showed growth at the end of ninety-six hours of incubation. 

In the laboratory the method of preparing and withdrawing the penicillin 
was the same as that on the ward, except that the 2 ¢.c. syringes used in the 
laboratory had been sterilized by dry heat in test tubes. 

All the objects in the ward treatment room which could possibly be a source 
of contamination were cultured at the same time. The following results were 
obtained : 

1. The jar in which the syringes were kept after boiling showed growth of 
B. pyocyaneus.* 

2. Syringes (barrel and plunger) in the jar, ready for use, showed growth 
of B. pyocyaneus. 

3. Syringes (barrel and plunger), immediately after boiling, showed no 


growth. 


*The jars containing the syringes, the syringes, and the forceps used for taking them out 
were boiled in a fish kettle by the night nurses every twenty-four hours. The forceps and 
syringes were boiled also at other times if they came in contact with contaminated material. 
The jars were kept on the ‘‘dressing’’ table and were closed at all times, except when the 
syringes were being removed. The syringes were boiled unassembled, and the barrel and 
plunger were kept together by a rubber band during sterilization and kept in the jar. The 
sterilized forceps were kept in 0.4 per cent solution of lysol while not in use. There was, 
however, no way of checking whether during the wartime shortage of nurses and pressure of 
work this technique always had been carried out as outlined and whether the jars had actually 
been sterilized every night. It is probable that some of the jars had become contaminated 
through some breach of technique and that freshly sterilized syringes became in turn con- 
taminated when placed in the jars. 

The only other patient treated at the same time was a 6-year-old boy who was giveD 
penicillin intramuscularly. He had a rise in temperature at the same time as the other two 
patients (Cases 1 and 2). No local abscess appeared at any time, and his recovery was 
uneventful. 
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4. The sterilizer used for boiling the syringes showed no growth. 

5. The box in which the penicillin was kept in the refrigerator as well as 
the eaps on 2 vials in the box showed a few colonies of Staphylococcus albus. 

6. Top and shelves and tray on the treatment table showed Staph. albus 
and Aerobacter aerogenes. 

7. The window sill showed few Staph. albus and A. aerogenes. 


8. Lysol and stock 70 per cent alcohol and the alcohol cotton wipes showed 
no growth. 

From these studies on the ward in which the infection occurred, we were 
able to conelude that the syringes after being sterilized by boiling were con- 
taminated by being kept in a jar harboring B. pyocyaneus. These syringes, 
when used to withdraw the intramuscular doses of penicillin, contaminated the 
drug. 

After the source of contamination was traced in the ward in question, vials 
having some residual penicillin, the jars in which the syringes ready for use 
were kept, and the barrels and plungers from all the other wards in the hospital 
were cultured. Of the 21 vials tested, 3 vials showed growth of B. pyocyaneus 
and 4 of Staph. albus and of A. aerogenes. Two syringes showed growth of the 
aerobacter and two others Staph. albus. 

A total of 61 vials of penicillin were cultured from all wards; of these, 41 
showed growth of B. pyocyaneus, 39 from the ward where the accidental infec- 


tions occurred. The vials of penicillin containing 5,000 units per cubic centi- 
meter from which either the B. pyocyaneus or the A. aerogenes was obtained 
were clear. The vials that showed contamination were not from any particular 
lot number or from only one commercial biologie laboratory. 


To insure absolute sterile conditions for the dilution and administration of 
penicillin, the following procedure was adopted at the Willard Parker Hospital : 

1. Individual 20 ¢.c. ampules of saline are used to dilute the penicillin. 

2. All needles and 2 ¢.c. syringes are assembled and placed in test tubes, 
and large syringes are individually wrapped and then all equipment sterilized 
in the autoclave. 

3. Caps of the penicillin vials are washed with individual iodine and 
aleohol swabs before puncturing. 

4. Individual vials of penicillin are used for each patient and are labeled 
with the name, date, and ward number. 


DISCUSSION 


Penicillin solutions used on the wards in three hospitals became con- 
taminated with B. pyocyaneus. As the solutions remained’ clear they were con- 
sidered sterile and were used therapeutically. The intramuscular injections 
produced no abseesses at the site of inoculation; the intrathecal injections, how- 
ever, resulted in B. pyocyaneus meningitis in four patients with death in two 
Cases. 





1120 HARRIS, BUXBAUM, AND APPELBAUM 


Although penicillin in high concentrations may inhibit the active growth 
phase of either B. pyocyaneus or A. aerogenes, it has been established by 
Fleming’ and Abraham and associates* that it is not bacteriocidal for these 
microorganisms. It is therefore important to maintain absolutely sterile tech- 
nique in the preparation and administration of penicillin. This is especially 
important, since the penicillin shows no visual evidence of contamination and 
remains clear even at a concentration of 5,000 units per cubie centimeter and only 
becomes cloudy after it is diluted to contain less than 1,000 units per cubic 
centimeter. 

SUMMARY 


1. Secondary B. pyocyaneus meningitis following intrathecal penicillin 
treatment for pneumocoeccus meningitis was observed in four patients, two of 


whom died. 

2. The source of the B. pyocyaneus was traced in two of the cases to 
penicillin solutions contaminated by syringes used to withdraw the drug for 
injection. 

3. As penicillin solutions containing 5,000 units per eubie centimeter show 
no evidence of contamination, absolutely sterile technique in the preparation and 
administration of penicillin must be observed. 


We wish to extend our thanks to Dr. Vera B. Dolgopol and Dr. Jerome L. Kohn, for their 
aid in preparation of this paper, and to Miss Ruth Gosling, for her assistance in the bac- 
teriologic diagnosis. 
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THE TWO-DOSE DEXTROSE TOLERANCE TEST IN 
THE DIAGNOSIS OF DIABETES MELLITUS 


JAMES F. Conner, M.D., Rocuester, N. Y., AND 
FRANK W. Reyno.tps, M.D., BaLtrmMore, Mp. 


HE standard single dose dextrose tolerance test, first used by Jacobson,’ 

has not proved entirely satisfactory for the diagnosis of diabetes mellitus. 
The procedure is not only time-consuming and discomforting but also lacking 
in sensitivity and specificity.2* Moreover, the results of the test are influenced 
significantly by the composition of the antecedent diet.°° 

To vitiate the deficiencies in the standard test, several modifications have 
been proposed. One of these, in which two doses of dextrose are given one 
to two hours apart, was suggested by Staub’? and Traugott.'! In the hands of 
Malmros’ and Julesz'* this procedure seemed none too satisfactory, and so 
fell into disuse. 

The two-dose test was revived and further modified by Exton and Rose,” 
who shortened the interval between the first and second dose of dextrose to 
one-half hour and who abbreviated the duration of the procedure to one hour. 

The two-dose one-hour test subsequently has gained considerable popu- 
larity. It has been used in the Out-Patient Diabetes Clinie of Strong Mem- 
orial Hospital* since 1938. We propose herein to summarize our experience 
with the test, which in elinie practice has been timesaving, economical, and 
satisfactory for the diagnosis of diabetes mellitus. Of special interest are the 
data concerning the value of an additional sugar determination made two 
hours from the beginning of the test. 

Technique of the Test.—All individuals tested were ambulant patients in the Out- 
Patient Department of Strong Memorial Hospital. Each was instructed to take neither 
food nor insulin from the time of the evening meal until the test had been completed the 
following morning. No attempt was made to control the diet preceding the test. 

The sugar solution was prepared by dissolving 100 Gm. of dextrose in 650 c.c. of 
water. The resulting 15 per cent solution was divided into two equal portions. 

After the patient had voided, a specimen of venous blood was withdrawn and the 
first portion of the dextrose solution given. Two minutes were allowed for its ingestion. 
Thirty minutes later, blood and urine specimens were obtained and the second portion of 
the dextrose solution given. Third and fourth specimens of blood and urine were obtained 
one hour and two hours, respectively, after the first dose of dextrose solution had been given. 


The Physiologic Basis of the T'wo-Dose Test—The two-dose dextrose toler- 
ance test is based upon sound physiologie principles. The first of these, known 
as Allen’s** law of paradoxie dextrose utilization, is the fact that the more dex- 
trose ingested by a normal individual the more is utilized. The patient with 
diabetes mellitus, on the other hand, limited in his ability to cope with carbo- 
hydrates, develops hyperglycemia and usually glycosuria after the ingestion 
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of sizable amounts of dextrose. The second principle, the Hamman-Hirsechman* 
phenomenon, is that when dextrose is given to nondiabetic persons in two 
increments the hyperglycemia which follows the second dose is less than that 
produced by the first. The diabetic patient, less adept in removing excess 
-arbohydrate from the blood, responds with increased hyperglycemia to re- 
peated doses of dextrose. 

Advantages and Disadvantages of the Two-Dose Test—The principal ad- 
vantages of the two-dose test are its brevity, simplicity, and economy. The 
shorter duration of the test diminishes the effect of factors such as hunger, 
fatigue, and impatience. Fewer venipunctures and fewer chemical determi- 
nations are necessary than with the standard test. 

There is some reason to believe that the composition of the antecedent diet 
distorts the results of the two-dose test less than those of the standard one- 
dose procedure. Presumably, this is because the first increment of dextrose 
acts as a buffer against whatever depletion of liver glycogen may have oe- 
curred before the test is performed. 

The results obtained by groups of investigators studying the influence of 
the antecedent diet upon the two-dose one-hour test are at variance. Exton 
and Rose state that moderate variations in the diet do not influence the test. 
Sweeney, Muirhead, and Allday,”’ drastically altering the composition of their 
subjects’ diets, found effects they considered significant, and Langner and 
Fies’* state that ‘‘moderate as well as extreme manipulation of the diet is 
eapable of altering the Exton-Rose glucose tolerance from normal to the dia- 
betie type.’’ Wayburn and Gray,’® however, found the two-dose test ‘‘rela- 
tively free from the influence of fairly marked changes in the preceding diet 
and therefore superior to the one-dose test when the preceding diet is not 
known.”’ 

A disadvantage of the test noted by Young’ is that when dextrose absorp- 
tion is unusually rapid, the two-dose test gives an erroneous picture of the 
true status of the patient’s carbohydrate tolerance. In our experience these 
individuals may be identified by prolongation of the two-dose test to include 
a two-hour specimen. 

Another disadvantage of the test, although one seldom encountered, is 
that nervousness may delay passage of the ingested dextrose from the stomach 
into the intestine. Gastric motility varies considerably from subject to sub- 
ject," ** and, in a few, delay in the emptying time of the stomach may retard 
the hyperglycemic response, a factor which merits consideration because of the 
brief time interval involved. 

Comparison of the Two-Dose Test With the Standard One-Dose Procedure.— 
No extensive comparison between the standard one-dose test and the two-dose 
procedure is available. Kelly, Beardwood, and Fowler? found the two tests 
in close agreement and cite two cases out of fifty in which the two-dose test 
was found to be superior. Brown*‘ also has compared the two procedures and 
found them equally accurate. Langner and Dewees,” who studied 160 pa- 
tients, believe that the conventional one-dose test is the more specific of the 
two, although they consider the Exton-Rose test somewhat more sensitive. 
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Interpretation of the Two-Dose Test—The most cogent reason why the 
two-dose procedure has not displaced the standard dextrose tolerance is that 
there has not been complete agreement as to the interpretation of the results. 

The criteria of Exton and Rose*® and those of Gould, Altshuler, and 
Mellen®* are at variance. The most extensive study of the test is that of 
Matthews, Magath, and Berkson,** and most subsequent workers have agreed 
with their interpretation. 


TABLE I. PROPOSED CRITERIA FOR INTERPRETATION OF EXTON-ROSE TEST 





. Exton and Rose26 
A. Normal tolerance curve: 
(1) Normal fasting blood sugar 
(2) Rise in blood sugar during first half hour not to exceed 75 mg. per 100 ¢.c. 
(3) Rise in blood sugar during second half hour not to exceed 5 mg. per 100 c.e. 
B. Diabetic tolerance curve: 
(1) A more or less steep curve of not less than 10 mg. of blood sugar following the 
second dose of dextrose. 
(2) Relation of blood and urine sugar values to the severity of the disease. 
2. Gould, Altshuler, and Mellen27 
A. Normal tolerance curve: 
(1) Fasting blood sugar less than 120 mg. per 100 e.e. 
(2) The one-half hour level is less than 50 mg. per 100 ¢.c. above the fasting value. 
(3) The level of the blood sugar at one hour is less than 30 mg. above the one-half 
hour level. 
B. Diabetic tolerance curve: 
(1) Fasting blood sugar of 120 mg. or more. 
(2) One-half hour level of 50 mg. or more above the fasting. 
(3) One hour level of 30 mg. or more above the one-half hour level. 
(4) Two of these three criteria necessary for diagnosis. 
3. Matthews, Magath, and Berkson?2s 
A, All individuals with blood sugar level at one hour of less than 158 mg. per 100 e.c. 
considered nondiabetic, and all over 180 mg. per 100 ¢.c. are considered diabetic. 
Those between 158 and 180 mg. are nondiagnostic. 





With the criterion of Matthews, Magath, and Berkson, we also agree. In 
our experience the one-hour blood sugar value is the most reliable indication 
ot the presence or absence of diabetes mellitus. We believe, however, that 
implicit reliance on a single chemical determination may be misleading. No 
test of physiologic function as complex as is the regulation of the blood sugar 
can be expected to be definitive. That this is true of the two-dose dextrose 
tolerance test is apparent from the material upon which this study is based. 

Kach ease should be viewed in its entirety, and special consideration 
should be given to the following: the existence of diabetes in members of the 
patient’s family, the presence of obesity or of diseases of organs concerned 
with carbohydrate metabolism (liver, hypophysis, thyroid), and the effect of 
infections upon the patient’s carbohydrate tolerance. 


ANALYSIS OF CASES 


In the present study a statistical analysis has been made of the results 
of the two-dose test performed on twenty-six normal persons, eighty-two in 
Whom a diagnosis of diabetes mellitus was considered to have been established, 
Seven with renal glycosuria, and six subjects whose dextrose tolerance curves 
are considered borderline or doubtful. 

The diagnosis of diabetes mellitus was established by considering the 
following: the symptoms of which the patient complained, a history of the 
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TABLE II. AVERAGE BLoop SuGar 














NUMBER — FASTING 
| OF | l 
CASES | MEAN RANGE 








Nondiabetic 
Normal 26 ke 6lto 94 
Renal glycosuria 7 83. 72to 91 
Diabetic 
No insulin 38. 75 to 334 
Insulin at onset only 11 53. 96 to 233 
Insulin treatment 9, 76 to 315 
Total diabetic 82 51. 75 to 334 





disease in other members of the family, the absence of other conditions asso- 
ciated with hyperglycemia, the degree of glycosuria, the patient’s reaction to 
infections, and the results of the two-dose test. 

Of the eighty-two patients with diabetes mellitus: twenty-two required 
insulin daily; forty-nine were regulated satisfactorily without insulin; and 
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Fig. 1.—Average blood sugar readings with the two-dose test. 


eleven were given insulin at the onset but subsequently were able to dispense 
with the injections as their condition improved from weight reduction, dietary 
regulation, and control of infections. 

No attempt was made to subclassify the group of insulin-treated diabetic 
patients according to the amount of insulin required. Nor did there seem any 
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56 to 125 
79 to 125 


185 to 500 
182 to 421] 
136 to 500 
135 to 500 


87.1 
109.9 
102.0 
99.7 


special virtue in trying to evaluate the ‘‘severity’’ of diabetes from the results 
of the dextrose tolerance test alone. 


The results of the tests, expressed as average readings for each group, 


are shown in Table II and represented graphically in Fig. 1. 


TABLE ITT. 


Fasting 
Height of fasting blood 
sugar 
One-half hour 
Height of one-half hour 
blood sugar 
Milligrams change; fast- 
ing, one-half hour 
Percentage change; fast- 
ing, one-half hour 
One hour 
Height of one hour blood 
sugar 
Milligrams change; one- 
half to one hour 
Percentage change; one- 
half to one hour 
Milligrams change; fast- 
ing, one hour 
Percentage change; fast- 
ing, one hour 
Two hours 
Height of two hours 
blood sugar 
Milligrams change; one 
hour to two hours 
Percentage change; one 
hour to two hours 
Milligrams change ; one- 
half hour to two hours 
Percentage change ; one- 
half hour to two hours 
Milligrams change; fast- 
ing, two hours 
Percentage change; fast- 
___ing, two hours 


| MEAN 


NORMAL 
5 OF 
MEAN 


ANALYSIS TO DETERMINE STATISTICAL VALIDITY OF CRITERIA FOR 
INTERPRETATION OF TWo-DoSE TEST 
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Consideration of the mean values alone indicates that in the average ¢ase, 
the two-dose procedure readily separates the diabetic patient from the non- 
diabetic person. Standard deviations of the mean values, however, tend to be 
large, especially in the diabetic groups. Further statistical analysis therefore 
was made in an attempt to determine which criteria are most reliable. The 
results of this analysis are summarized in Table III. 

The data of Table III indicate that the height of the one-hour blood sugar 
reading is the most reliable criterion. The height of the two-hour blood sugar 
appears to be the next most valid differential point. The x/é values of the 
other calculations are below 2.0, and therefore cannot be considered statisti- 
‘ally significant. 

From this analysis, we believe the data in Table IV to represent the most 
important considerations in attempting to differentiate the normal from the 
diabetic by the two-dose dextrose tolerance test. 


TABLE LV. CRITERIA FOR DIFFERENTIATION OF NORMAL PERSONS FROM PATIENTS 
WitH DIABETES MELLITUS 








BLOOD SUGAR READI NGS 
NORMAL | DOUBTFUL DIABETIC 


One hour Below 150 150 to 170 Above 170 _ 
Two hours Below 125 125 to 135 Above 135 - 











CORRECTNESS OF PROPOSED DIAGNOSTIC CRITERIA 








EXTON AND GOULD AND MATTHEWS AND | CONNER AND 


| 
| ROSE | ASSOCIATES ASSOCIATES 


REYNOLDS 





| TOTAL | | | 
NUM- | PER- | PER- | | PER- | PER- 


| 


CENT- | NUM- | CENT- | NUM- | CENT- | NUM- | CENT- 
AGE | y | AGE | BER | AGE BER | AGE 


| BER OF | NUM- 
| CASES* BER 
Normal 29 20 69 2 72 27 93 29 100 
Diabetic 85 78 92 77 91 82 96 84 99 








*Includes six borderline cases summarized in Table VI. 


All of the cases, both normal and diabetic, summarized in Table II meet 
both of the criteria set forth previously. The number of correct diagnoses 
which would have been made had the criteria of others alone been relied upon 
is shown in Table V. 

ANALYSIS OF BORDERLINE CASES 

There remain nine cases in which the diagnosis of diabetes mellitus could 
neither be readily established nor definitely excluded. These cases are de- 
tailed in Table VI. 

In Cases 1 to 3, there was clinical evidence of hepatic or pituitary disease. 

Cases 4 and 5 are considered diabetes mellitus, although the one-hour 
reading leaves some doubt as to this diagnosis. The low blood sugar at one 
hour may represent delay in gastric emptying time. Cases 6 to 8 probably 
represent instances of unusually rapid dextrose absorption by nondiabetic per- 
sons, as suggested by Young. Technical error in the blood sugar determina- 
tions cannot be ruled out. Case 9 is unique in our experience. This patient, 
when studied in the Out-Patient Department, showed no evidence of diabetes. 
although two years previously he was said to have had glycosuria during 
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TABLE VI. SUMMARY OF BORDERLINE CASES 
| DIAGNOSIS BY CRITERIA OF: 
| CLINICAL | TWO-DOSE EXTON AND GOULD AND MATTHEWS AND 
‘ASE | PATIENT DIAGNOSIS TEST ROSE ASSOCIATES | ASSOCIATES 
oe Cirrhosis of 95-143-182-118 Diabetes Indetermi- Diabetes 
liver nate 
uae Cirrhosis of 87-133-163 Diabetes Normal Indetermi- 
liver 65-115-160-156 nate 
.M. Pituitary 80-161-179-145 Diabetes Normal Indetermi- 
basophilism nate 
es Diabetes 84-118-164-160 Diabetes Indetermi- Indetermi- 
nate nate 
Diabetes 74-111-140-160 Diabetes Normal Normal 
86-95-168-165 Indetermi- Indetermi- 
nate nate 
Rapid 100-208-135-90 Normal Indetermi- Normal 
absorption nate 
Rapid 93-160-184-83 Diabetes Indetermi- Diabetes 
absorption nate 
Rapid 87-139-175-118 Diabetes Diabetes Indetermi- 
absorption nate 
P.M. Diabetes 82-111-127 Diabetes Normal Normal 

















hospitalization for drainage of a palmar abscess. Six months later he was 
admitted to the hospital with pyelonephritis and in the presence of infection 
again became frankly diabetic with hyperglycemia and glycosuria, requiring 
the use of insulin. 

DISCUSSION 

As with other laboratory procedures, the two-dose dextrose tolerance test 
should be used only to supplement other clinical considerations in attempting 
to differentiate the diabetic from the nondiabetic patient. 

Properly interpreted, the test is a valuable procedure for making this 
differentiation. Greatest reliance should be placed upon the height of the 
blood sugar at one hour. However, it is distinctly helpful to see the complete 
curve and to correlate the readings with other factors. The one-half hour 
reading contributes little to the differentiation, but the two-hour reading has 
proved of great value in borderline cases. The results of the test should be 
interpreted with reserve in the presence of diseases of the liver, thyroid, or 
pituitary gland. 

CONCLUSIONS 


|. The two-dose dextrose tolerance test is based on sound physiologic 
principles and is sufficiently sensitive and specific to make it a valuable pro- 
cedure for the diagnosis of diabetes mellitus in clinic and office practice. 

2. The height of the one-hour blood sugar is the most reliable criterion 
for differentiating the normal person from the diabetic patient. 

3. Determination of the blood sugar at one-half hour contributes little to 
the differentiation and may well be deleted from the procedure. The two-hour 
reading, however, is reliable and should be ineluded in all doubtful eases. 

+. In a few eases no definitive diagnosis can be established from the re- 
Sults of the dextrose tolerance test alone. These cases should be viewed in 
their entirety, and special consideration should be accorded the clinical picture. 

0. When the one-hour blood sugar reading is within the diabetic range 
and the two-hour reading normal, excessively rapid dextrose absorption should 





1128 CONNER AND REYNOLDS 


be suspected. When the one-hour blood sugar reading is normal and the two- 
hour specimen indicative of diabetes, delayed gastric emptying is to be 
considered. 
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A DETAILED REPORT ON THE WEIGHTS AND WEIGHT LOSSES OF 
TWENTY-FOUR MEN IN SANTO TOMAS INTERNMENT CAMP 


Barker H. Brown, Pu.D.* 
ANN Arpor, MIcH. 


— there have been a number of reports on the nutrition in various 
prison and internment camps of World War II, there has been to my 
knowledge no detailed report on a group by one who knew the individuals 
and their condition intimately. It was therefore considered to be of value to 
report the following data. 

In Table I are presented the weights of twenty-four men civilian internees 
of Santo Tomas Internment Camp in Manila, P. I., thirty-six months after 
their internment and two weeks before liberation on Feb. 3, 1945. The elassi- 
fication of body types was made by the author who had lived in either the 
same or adjoining rooms with these men for eighteen months or more. The 
ideal weights were taken from tables compiled by the Statistical Bureau of 
the Metropolitan Life Insurance Company (Wohl'). This particular group 
of men cannot. be said to be entirely typical of the camp population, as they 
were the more healthy individuals remaining from two rooms after the other 
members not so fortunate had been transferred to quarters considered to be 
more suitable for those in a poor state of health. In facet this group, in gen- 
eral, had been able to obtain considerable amounts of supplementary food in 
addition to the camp ration. For example the author had been able to add 
about 3 ounces of canned meat daily to his diet and about 1 ounce of salad 
oil during the last five months. This, in addition to consuming large amounts 
of peanut butter as long as it was available (until about May, 1944) and gorg- 
ing himself with rice as long as it was available (until about Feb. 1, 1944), 
allowed him to keep his weight at 93 per cent of the ideal. However, in spite 
of this, his blood pressure was 90 mm. Hg instead of a normal 127 mm. Hg; 
pulse, 48 to 50 instead of a normal 70; red blood eells, 3.25 millions per cubic 
millimeter instead of 5.5 millions per eubie millimeter; and the hemoglobin 
about 55 per cent. At this time a blood pressure of 100 mm. Hg and a red 
blood cell count of 4 millions per cubie millimeter or over was considered 
exceptional in the camp population. 

Perhaps it should be added that the low red blood cell and hemoglobin 
values of the author were no doubt in part due to three donations for trans- 
fusion of about 500 ¢.c. each given in the latter part of 1943 which dropped 
the red blood cells to 3.5 millions per eubie millimeter. Early in 1944 a treat- 
ment with injeetible liver preparations plus 70 Gm. of peanut protein daily 
raised this to 4.25 millions per cubic millimeter in six weeks. Several months 

from the Department of Biological Chemistry, Medical School, University of Michigan. 
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WEIGHTS AND WEIGHT LOSSES OF MEN IN SANTO TOMAS INTERNMENT CAMP 1131 


later, when the count had again fallen off considerably, a second series of liver 
injections without the supplementary protein (no longer available) had no 
effect on the red blood cell count. 

Keys and co-workers,? in experiments with thirty-four men, found that 
edema had developed in nearly all cases in a six months’ starvation period 
during which the subjects lost 25 per cent of their weight and were on a 
protein level of 49 Gm. derived from vegetable sources. It therefore seems 
rather remarkable that so few of our group showed edema at this time, for 
as is shown in Table I we had lost on an average of 25 per cent in weight 
although over a longer period of time. As indicated in Table I only Subjects 
13, 20, and 24 showed definite edema at this time. In the two weeks which 
ensued after these data were collected and before liberation, Subjects 1, 5, 10, 
21, and 22 also showed traces of edema. Our ealorie level from the camp 
ration had been less than 1,000 for over five months and the protein level at 
20 to 30 Gin. obtained chiefly from rice and corn with a few beans, sweet 
potatoes, ond negligible amounts of meat. Even the author, whose diet was 
supplemented by about 3 ounces of meat daily, received only 40 to 50 Gm. 
of protein daily. It seems possible that we had gradually become adapted to 
a low level of protein and general metabolism, as the blood pressure and pulse 
rates would suggest. 

TaBLe ID.* AVERAGE WEIGHTS OF VARIOUS AGE GROUPS AT SANTO TOMAS INTERNMENT CAMP, 
Mania, P. I., THrrry-Six MontHs AFTER INTERNMENT AND TWO WEEKS 
BEFORE LIBERATION 
AVERAGE WEIGHTS 
NUMBER 36 MONTHS [ PER CENT 
OF PREWAR LATER LOSSES OF 
SUBJECTS AGE PERSONS (POUNDS ) (POUNDS) | (POUNDS) PREWAR 
Men 19 to 40 66 124 —COt*” a 


] 
Men 41 to 60 55! 1 
Men Over 60 43% l 
l 
l 


66 124 2 75 
122 5 70 


poet. .seaeen 


€ 


Camp totals 
Women 19 to 40 j 
Women 41 to 60 . 135 
Women Over 60 149 

132 


“Official Records of Santo Tomas Internment Camp. Unpublished. 


Camp totals” 


It is interesting to note that our camp average of 121 pounds (Table II) 
for men was from 10 to 15 pounds below that of 4,618 prisoners of war freed 
in the Far East and reported by the military authorities.° 

Table IL also bears out the general observation made by the author that 
the women fared considerably better than the men. Their weight at this time 
Was 76 per cent of normal as against 70 per cent for the men. This was prob- 
ably largely due to the fact that they received the same food rations as the 
men in spite of the fact that their requirements were considerably less. It is 
also noticeable (Table II) that the older and more obese individuals lost more 
Weight and reached a final lower weight than the younger people. This was 
probably due to several factors. In the first place, the younger people worked 
more actively, especially around the kitchen, and thus received more food in 
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many cases. The younger ones were more vigorous and more able to produce 
extra food in gardens of their own or to do work for other individuals in camp 
and thus obtain either directly or indirectly more food. The younger people 
also were not so particular about their food and regardless of former food 
habits ate rice, unappetizing stew, or anything else that could be had, while 
many of the older people, in the earlier days when considerable amounts of 
food were thrown away daily, refused to eat heartily and thus started to 
decline long before it was necessary. 

The unusual case of an extremely obese individual (B.C., Negro) who 
entered camp weighing 365 pounds and dropped to 148 pounds, a loss of 217 
pounds or 59.4 per cent of his total weight, is also noted.‘ 

It might be of interest to point out that, in general, this group of men 
had lived for extended periods in the tropies. Several had been born in the 
Islands and except for visits and education abroad had spent their lives there. 
Two others, Subjects 24 and 25, had spent approximately forty years each 
in the Islands. Many others had lived there from five to ten years. The rela- 
tive condition of these individuals suggests that the old idea of the unhealthy 
climate of the tropies is largely a myth if one follows reasonable rules of 
health and sanitation. 
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THE COMPARATIVE EFFICIENCY OF VARIOUS LIVER FUNCTION 
TESTS IN DETECTING HEPATIC DAMAGE PRODUCED 
IN DOGS BY XYLIDINE 


JOSEPH L. SviRBELY,* A. RaLtpH Monaco,} aNnp WILLIAM C. ALFoRDt 
BETHESDA, Mp. 


TUDIES concerning the comparative values of different liver function tests 

on human beings,’° eats and rabbits,® and dogs,’ with references to the 
original methods, have been published during the past few years. Hepatic dam- 
age in the cats and rabbits cited was induced by daily ingestion of selenium 
(from 0.1 to 1.0 mg. per kilogram) and, in the dogs, by small doses of carbon 
tetrachloride several times a week. 

During the course of an investigation carried out in this laboratory with 
various species of animals, it was found that jaundice and fatty livers were 
produced in cats and dogs by a moderately low concentration of xylidine, an 
organie amine having the formula C,H,(CH,).NH.. This report is concerned 
with the evaluation of various liver function tests in reference to their efficiency 
and practicability in permitting early diagnosis in cases of experimentally in- 
duced liver damage in dogs. 


EXPERIMENTAL METHODS 


Thirteen adult female dogs weighing from 5.1 to 8.0 kilograms were used 
as experimental animals. They had been dewormed, kept under observation 
for at least six weeks prior to the experimental period, and had shown no signs 
of distemper or other respiratory infection. 


Seven dogs (Group I), of which three were used as controls, were fed a 
diet (Diet A) consisting of 46 per cent horsemeat, 46 per cent kibbled biscuits, 
4 per cent Sure’s salt mixture,’ and 4 per cent dried brewers’ yeast. For com- 
parative purposes, six dogs (Group II), of which three were used as controls, 
were fed a diet (Diet B) consisting of 30 per cent technical casein, 27 per cent 
crackermeal, 23 per cent sugar, 9 per cent Crisco, 4 per cent Sure’s salt mixture, 
4 per cent dried brewers’ yeast, and 3 per cent cod-liver oil. The dogs in each 
group received 20 Gm. per kilogram of the assigned diets daily and showed a 
Weight gain of approximately 0.1 kilogram weekly as long as they ate and re- 
tained the food. As will be noted, the results of the liver function tests and 
microscopic examination of the livers did not indicate any difference with 
respect to these diets. 


From the Industrial Hygiene Research Laboratory, National Institute of Health, United 
States Public Health Service. 
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Hepatic damage was produced by exposing the dogs to a vapor-air mixture 
of xylidine of a high degree of purity. The inhalation exposures were of ap- 
proximately six hours’ duration daily, Monday through Friday. The average 
caleulated concentration of xylidine in the chambers was 0.42 mg. per liter 
(85 p. p. m.), while the average concentration as determined by ultraviolet ab- 
sorption was 0.22 mg. per liter (45 p. p. m.). Vomiting, loss of appetite, weak- 
ness, labored respiration, and jaundice were the usual symptoms observed. 
Weekly hematologic examinations revealed no marked changes. The survival 
time for the majority of the exposed dogs was approximately four or five weeks. 
Death occurred within a week after definite signs of Jaundice were noted (jaun- 
dice occurring about one or two weeks after loss of appetite). On refusal of the 
dogs to eat the diet, forced feeding was instituted. Only one dog in Group II 
was able to retain the food. No signs of jaundice were noted even after fifteen 
weeks of exposure, when it was sacrificed and the liver found to be grossly 
nodular. Post-mortem examination of all the animals which died within five 
weeks showed marked jaundice around the limbs as well as the abdominal vis- 
cera, and the livers appeared pale and fatty. 

In general, the methods of Smith and associates® for determining hepatic 
damage in cats and rabbits were used for the bromsulfalein, rose bengal, and 
bilirubin retention tests. In all these experiments, 5 me. of the dye (or bili- 
rubin) per kilogram body weight were injected intravenously. Examinations 
of the dye in the plasma were made at five- and thirty-minute intervals for the 
bromsulfalein and rose bengal retention tests and at 5- and 120-minute inter- 
vals for the bilirubin retention test. All the estimations were made with the 
Fisher spectrophotometer using appropriate filters and control plasma. solu- 
tions. The amount of intravenously injected substance per cubie centimeter 
of plasma obtained at the different time intervals was read from a calibration 
eurve. The per cent retention of the dye was expressed in terms of the amount 
found at thirty minutes (the per cent retention of bilirubin being based on the 
amount found at the end of 120 minutes) as compared to that found at five min- 
utes. Although some of the injected dye or bilirubin is removed from the blood 
stream within the five-minute period, the per cent retention determined by the 
foregoing method tends to minimize the effect of variables, sueh as the total 
blood volume compared to the body weight, the hematocrit values, or possible 
inaccuracies in the administration of the dye or bilirubin. 

The method of Bodansky® was followed in determining the serum phios- 
phatase activity. Urobilinogen in the twenty-four hour urine specimens was 
determined by the method of Sparkman'’ following treatment of a sample of 
urine with freshly prepared ferrous hydroxide to reduce any urobilin as sug- 
gested by Schwartz and co-workers."' Values for ieterus index were obtained 
by the visual comparison of saline-diluted plasma with potassium dichromate 
standards as outlined by Kolmer and Boerner.’2 The prothrombin clotting 


. . ° ° 3 . 13 ‘ . , ed 
time was determined in plasma by the method of Quick'® using freshly prep:re¢ 
thromboplastin made from rabbit brain. The prothrombin time ratio was eX- 


pressed as the clotting time of the plasma of the exposed as compared to that of 
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the control animals. The direct and indirect van den Bergh tests were per- 
formed according to standard procedures? The albumin-globulin ratio and 
fibrinogen estimations were carried out as outlined by Reiner.'* Preliminary 
work with the cephalin-cholesterol test confirmed the observation of Hanger’ 
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Fig. 1.—Liver function tests. 


that marked flocculation occurred in the serum of normal dogs. For laboratory 
animals, this test has been reported to be of value only in monkeys."® 

The .Marious tests were performed at least sixteen hours after the previous 
day's exposure and feeding. All tests previously described were performed 
one ~ week, except the icterus index, prothrombin time ratio, and indirect van 
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den Bergh reactions which were determined twice weekly immediately after 
exposure. The urinalyses were done on twenty-four hour specimens collected 
each morning, Tuesday through Saturday. 

Microscopie examination of the liver was done after fixation in a 4 per cent 
formaldehyde solution buffered to pH 7. Paraffin sections were routinely stained 
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with hematoxylin-azure eosinate,’ the modified van Gieson stain for hemo- 
globin,!* and the acidulated ferrocyanide reaction for iron. Frozen sections were 
stained for fat according to the technique of Lillie and Ashburn.’® Other special 
stains such as Mallory’s aniline blue collagen stain?’ and Laidlaw’s silver stain 
for reticulum?’ were used as desired. 
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RESULTS AND DISCUSSION 

The data obtained from the tests are shown in Figs. 1 and 2 in which each 
value represents the average for all dogs surviving at that time. 

The results of the liver function tests which gave early evidence of hepatic 
damage are shown in Tables I and II. Since the tests were performed on definite 
days of the week, some of the values are missing during the last week of ex- 
posure, due to the death or sacrifice of the animal. 

Bromsulfalein Retention Test.—This test was the most sensitive and con- 
sistent of those studied. With the procedure followed in this experiment, it was 
concluded that, generally, retentions up to 10 per cent may be expected in nor- 
mal dogs. Retentions from 10 to 15 per cent are suggestive of liver damage, 
and those above 15 per cent are definitely abnormal. All of the exposed dogs fed 
Diet A showed high retention of the dye by the end of the second week, three of 
the animals (Dogs 11, 14, and 15) having been in the suggestive range the pre- 
vious week. Abnormal retention in Dogs 20 and 23, fed Diet B, occurred in the 
third week and in Dog 22 during the fourth week of exposure. The marked re- 
tention of the dye was noted soon after the dogs could not retain the food. For 
Dog 22, which retained its food, the abnormally high retention values reached 
the peak at the end of the sixth week and never exceeded the high values found 
in the rest of the dogs. 

Rose Bengal Retention Test.—This test closely paralleled the bromsulfalein 
test. However, the values obtained on the control dogs varied more widely 
due to the difficulties in measuring dye concentrations in the presence of vary- 
ing degrees of turbidity. It was found necessary to take initial blood samples 
for each dog prior to injection of the dye, the plasma being used as the blank 
in the spectrophotometer. Retentions up to 15 per cent were considered nor- 
mal; 15 to 20 per cent, suggestive ; and above 20 per cent, definitely indicative of 
liver damage. Ivy and Roth*' have likewise reported that the rose bengal test 
in the dog gave comparable results to those obtained by the bromsulfalein test. 

Bilirubin Retention Test—This test was less sensitive and more erratic 
than either of the dye tests. Generally, abnormal retentions (those above 15 
per cent) were not observed until one week after the dye tests had indicated liver 
injury. Due to the rapid excretion of bilirubin by dogs, the per cent retention 
seldom reached high levels even in cases of severely damaged livers. Drill and 
Ivy’ concluded that this test was of little value in detecting liver damage in dogs 
poisoned by carbon tetrachloride. Smith and associates* have reported, how- 
ever, an abnormal retention of bilirubin and of rose bengal in most of their 
chronically selenium-poisoned cats and rabbits. 


Serum Phosphatase—This test was found to be useful in detecting liver 
injury. A moderate rise in phosphatase activity (values above 4 units per 
100 ¢.c. of serum being considered abnormal) was generally noted for all the 
dogs during the first week of exposure. High elevations were not noted until 
the fourth week of exposure. In the absence of normal values for individual 
subjects, this test would not appear to be as conclusive in making an early diag- 
nosis of liver damage as either the bromsulfalein or rose bengal retention tests. 
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In the ease of Dog 22, on Diet B, the moderate elevation of serum phosphatase, 
noted for the first eight weeks, rose to a markedly high level during the rest of 
the exposure period. In this latter period, the other tests either returned to 
the normal or had decreased values. 

Prothrombin Time Ratio—The rise in the prothrombin time ratio (values 
above 1.2 being considered abnormal) generally paralleled the increasing re- 
tention of bromsulfalein, except in the case of Dog 22. However, without sup- 
porting evidence, the increases noted in the ratio during the first three weeks 
were not sufficient to be conclusive. A marked inerease in this ratio was usu- 
ally noted prior to the death of the animal, when liver damage was indicated by 
all the other tests. This test is technically more difficult than the bromsulfalein 
retention test. Wide variations in clotting time may occur unless the amount of 
oxalate added to the blood is carefully controlled. 

Urinary Urobilinogen.—This test did not appear to be as sensitive or as 
reliable as the bromsulfalein retention test. Values exceeding the excretion of 
3 mg. per day of urobilinogen were considered abnormal. Considerable variation 
existed among the dogs regarding the time required for excreting high amounts 
of urobilinogen. The data obtained indicated that spot analysis of the urine 
is not satisfactory for urobilinogen estimations. Excretion of urobilinogen for 
individual dogs reached high levels for one or two days and then returned to 
normal. Useful information with this test can only be obtained by daily analysis 
of twenty-four hour samples of urine. 

Van den Bergh Reaction.—This test was of little value in detecting early 
signs of liver damage, the direct and indirect reaction being obtained only when 
the dogs were jaundiced and near death. Bilirubin is not found in the blood 
of normal dogs, so appreciable amounts in the blood ean only be expected in 
eases of severe liver damage. 

Icterus Index.—In Group I, the icterus index rose above the normal values 
early in the exposure period but did not reach high values until death was near. 
Results in Group II were less conclusive, and the test was considered inferior 
to some of the others used. 

Fibrinogen and Albumin:Globulin Ratio—Neither of these tests showed 
changes which proved to be statistically significant. However, there was 
generally a decrease in fibrinogen prior to death of the animal. 


PATHOLOGIC EXAMINATION 
og 15, dying after ten days, showed marked fatty metamorphosis in the 
wo-thirds of the hepatic lobules. 

The livers of Dogs 11, 14, 19, 20, and 23, dying within four to seven weeks, 
were },recirrhotic. This was characterized by patchy and periportal proliferation 
of small basophilie spindle cells forming poorly marginated bands extending 
between adjacent portal areas and to the capsule. These cells formed strands 
or small tubules which at times closely resembled bile ducts. In addition, these 
bands had a few collagen and silver-positive reticulum fibers and were infiltrated 
by ce.!s, chiefly lymphocytes. 
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Seattered through the parenchyma, often near the interportal bands, there 
weré-groups of basophilic regenerating liver cells. An occasional cell in these 
groups showed partial cytoplasmic oxyphilia. More often there were plugs of 
inspissated bile in the canaliculi. 

Elsewhere, the fat-laden liver cells were usually swollen, oxyphilie, and 
occasionally frankly necrotic. Hemosiderin, generally in small amounts, was 
present in seattered Kupffer cells and less often in hepatie cells. 

The liver of Dog 22, killed after fifteen weeks, was grossly nodular and cir- 
rhotic. This was characterized, microscopically, by coarse fibrous trabecula- 
tions, irregularly traversing the liver, distorting the lobular architecture, and 
segregating nodules of basophilic liver cells. These bands contained small bile 
ducts and were infiltrated by many cells, chiefly lymphocytes and lipochrome- 
laden macrophages. Occasionally, small groups of liver cells, some of which 
were necrotic, were included in these bands. 

The livers of the control animals showed no significant changes. 

The other changes to be noted in the dogs dying within four to seven weeks 
were the presence of a few bile casts in the renal tubules and hemosiderin in scat- 
tered littoral cells, especially in the splenic pulp. These changes were absent 
in the,dog killed at fifteen weeks. 


SUMMARY AND CONCLUSIONS 

Xylidine at a moderately low concentration is an effective agent in pro- 
ducing jaundice and fatty livers in dogs. With prolonged exposure, the livers 
pass through a precirrhotie to a cirrhotic stage. Microscopie examination of the 
liver showed evidence of parenchymal damage with no evident impairment in the 
cells of the reticulo-endothelial system, since these retain their funetion of 
phagocytosis of iron-positive pigment. 

The bromsulfalein retention test was found to be the most reliable one 
in detecting liver damage. The rose bengal retention test was almost as sensi- 
tive but had certain disadvantages which made it less desirable. 

The serum phosphatase activity and prothrombin time ratio were of equal 
value but less conclusive than the dye retention tests. 

The bilirubin retention and urinary urobilinogen excretion tests gave in- 
dications of liver injury but were less consistent than the dye retention, serum 
phosphatase, or prothrombin time ratio tests. 

Icterus index determinations may be of some value whereas the van den 
Bergh, fibrinogen, and albumin:globulin ratio estimations do not appear to 
vield information early enough to aid in the diagnosis of liver injury. 


This order of efficiency agrees very well with the results obtained by Neefe 
and associates’ in their work on liver damage produced in human subjects by 
administration of yellow fever vaccine and with the findings of Drill and ‘vy’ 
in carbon tetrachloride poisoned dogs. 


Acknowledgment is made to Mrs. Virginia B. Hauff, for her assistance throughou his 
experiment. 
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STUDY OF ABSORPTION FROM CRYSTALLINE INSULIN PELLETS 
AND SOLUTIONS AT VARIOUS SITES IN RABBITS 


Rospert C. Pace* aNp Everett H. LANG 
TuCKAHOER, N. Y. 


HE study herein reported was initiated primarily to determine if absorption 

from insulin pellets varied at different sites of implantation. Insulin pellet 
implants have been reported ;'° however, to our knowledge there is no infor- 
mation relative to insulin implants in the spleen. It was believed that study 
of splenic implants would be of interest inasmuch as the venous drainage from 
both the spleen and pancreas goes mainly to the liver via the portal system. 
Therefore, absorption from splenic implants would closely follow the route of 
normal endogenous insulin after its release by the pancreas. Any hepatic 
regulatory effect on insulin would be expected to play its part in absorption 
from splenic implants, whereas little or no effect from the liver would be ex- 
pected in the case of intramuscular or subcutaneous pellets. 


MATERIAL AND METHODS 


Crystalline zine insulin with a potency of 25.89 units per milligram was 
used throughout the experiments. Pellets were made by compressing the ma- 
terial as tightly as possible in a small mechanical hand press. The pellets had 
a diameter of approximately 2 mm. and a thickness of 1% to 1 mm. depending 
on the weight of insulin used. The rabbits used in the pellet implantation 
experiments were New Zealand Whites weighing from 3.5 to 4.5 kilograms. 
They were starved for a twenty-four hour period preceding the experiment 
and during the blood sampling period, but water was given. 

Sodium pentothal was used as the anesthetic. Each rabbit was given an 
initial intravenous injection of 2 ¢.c. of 2 per cent solution fairly rapidly. 
This resulted in light anesthesia. Additional amounts of sodium pentothal 
solution were then given slowly until surgical anesthesia was reached. The 
rabbits tolerated pentothal very well. Only one rabbit out of forty-one was 
lost from respiratory failure and that was the third animal used in the series. 
The amount of 2 per cent sodium pentothal solution used varied from 2.5 to 
10 ¢.c. with an average of 4.9 ¢.c. per rabbit. 

The splenic implants were performed as follows. The upper abdomen was 
opened with a midline incision, and the spleen was brought to the surface. 
The arterial supply was clamped off lightly and a small incision made through 
the fibrous capsule. The pellet was then inserted deeply in the splenic pulp 
and the capsule closed with a single silk suture. The clamp was then removed. 
and the abdomen was closed with linen sutures. The skin was closed by metal 
clips. A bandage was wrapped around the abdomen to prevent trauma to the 
wound from the animal’s claws. 

From the Wellcome Research Laboratories. 
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The intramuscular pellets were inserted in the substance of the trapezius 
musele, and the muscle incision was closed with a silk suture. The skin in- 
cision was closed with metal clips. The subcutaneous pellets were implanted 
in the scapular area, and the skin incision was closed with metal clips. Con- 
trols were run with 5 ¢.c. of 2 per cent sodium pentothal solution to rule out 
any effect of the anesthetic on the blood sugar level. A second series of con- 
trols were run using starch pellets implanted in the spleen to rule out any 
effect of the operative procedure on the blood sugar. Blood samples were 
taken from the marginal vein of the ear just before the operation and at four, 
five, twenty-four, and thirty hours after the implant was made. Glucose de- 
terminations were made by the micro method of Hagedorn-Jensen. 

A solution containing 50 units per cubic centimeter of the crystalline in- 
sulin was made up in slightly acidulated water containing 0.1 per cent phenol. 
A group of ten fasting rabbits were injected subcutaneously with 0.8 units 
each and a second group of ten with the same amount intramuscularly. Blood 
samples were taken before injection and at three-fourths, one and one-half, 
two and one-half, and four hours following injection. The groups were re- 
versed a week later. 

RESULTS AND DISCUSSION 
woe The results of the pellet implants and anesthetic controls are shown in 
bail Table I and in Fig. 1. 
ling The sodium pentothal solution given intravenously had very little effect 
Hion on the blood sugar level. Blood sugar values at four and five hours were 
ms. slightly but not significantly lower than before the anesthetic was given. 
lent 

TABLE | 














an TOTAL KILLED 
div. NUMBER INSULIN 
‘ OF ANI- DEATHS DEATHS SHOCK SURVIVAL 
thal MALS IN WITHIN FROM 24 T0 | FROM 24 TO AFTER PELLET SIZE 
The EXPERIMENTAL EXPERI- 24 HOURS 48 HOURS 48 HOURS 48 HOURS (MILLIGRAMS) 
___ PROCEDURE MENT | No. |(%) | NO. | (%) | NO. |(%) | NO. | (%) | VARIATION | AVERAGE 
Insulin pellets 
1eS, Subcutaneous 10 8 80 0 1 10 
7 Intran useular 10 4 40 0 20 
Intrasplenie 4 40 1 
Starch pellets 
Intrasp!enic : 0 
Pentothal 


Intravenous ; 0 5 100 





Was 





] 10 . 5 2.56 
4 40 5. ; 3.07 

10 4 40 fe A 3.65 
5 


100 10.0 to 5.0 8.00 


__9¢.¢, 2 ner cent 


‘he operation with starch implants intrasplenically resulted in a moderate 
increase in the blood sugar in 80 per cent of the animals four and five hours 
afte: the operation. All of the controls survived during the thirty-hour ob- 
Servation period. The subcutaneous insulin pellet implants produced a pro- 
nounced drop in the blood sugar to an average value of 49.9 mg. per cent 
gluccse at four hours and 46.4 mg. per cent glucose at five hours after the 
opere‘ion. Eight out of ten rabbits died in insulin shock within the twenty- 
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four hour period following the implantation. Examination of the pellets after 
the death of the animals revealed that they had become very soft and, in sey- 
eral cases, had lost most of their shape. 

The intramuscular insulin implants resulted in a decrease in blood sugar 
level to an average value of 60.6 mg. per cent glucose at four hours and 57.4 
mg. per cent glucose at five hours after the implantation. Four out of ten 
rabbits died in insulin shock within twenty-four hours of the operation. Ex- 
amination of the pellets, after the death of the rabbits, revealed that they 
retained their shape fairly well but were soft. The twenty-four and thirty- 
hour blood sugar levels on the six surviving animals were 23.4 and 11 mg. per 
cent lower than the initial value showing a definite hypoglycemic action for 


at least thirty hours. 








NUMERALS GIVE NUMBER OF SURVIVORS 








30 


0 45 24 
Hours After Pellet Implantation 


Fig. 1. 


The intrasplenic insulin implants gave a hypoglycemic effect very similar 
to the intramuscular implants at the four- and five-hour periods, the blood 
sugars being 58.8 and 55.3 mg. per cent glucose, respectively. The twenty- 
four hour value (six rabbits) was 51 mg. per cent glucose, while the thirty- 
hour value (four rabbits) was almost 20 mg. per cent lower than the initial 
level. The splenic implants hence gave a somewhat longer insulin release than 
the intramuscular pellets. There was very little change in the shape of the 
pellets in the spleen although they became quite soft. There was no evidence 
of any regulatory action by the liver on the insulin released from sp!-nic 
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TABLE II 








BLOOD SUGAR (MILLIGRAMS PER CENT GLUCOSE) 





EXPERIMENTAL PROCEDURE INITIAL % HOUR 114 HOURS 214 HOURS 4 HOURS 


0.8 Units insulin subcutaneous 106.4 78.4 70.2 74.3 104.5 
0.8 Units insulin intramuscular 103.7 76.3 TS: 84.9 109.9 











implants. The results of the intramuscular and subcutaneous injections are 
shown in Table II. The two and one-half hour value with the intramuscular 
injection is somewhat higher than with the subeutaneous injection. There are, 
however, no differences between the two curves either in the rapidity of onset 
or depth of the hypoglycemia. This result woudd indicate that the more rapid 
absorption from subcutaneous insulin pellets is probably due to mechanical 
factors with a greater tendency for the subeutaneous pellet to be disrupted. 
This is in agreement with the appearance of the pellets after the deaths of the 
rabbits. 
CONCLUSIONS 

Subcutaneous insulin pellet implants in rabbits result in a more rapid and 
intense hypoglycemie action than intramuscular or intrasplenie implants. This 
is probably due to mechanical factors that cause a more rapid breakdown of 
the pellet. 

Intrasplenie insulin pellet implants produce a more prolonged insulin ac- 
tion than intramuscular implants. There is apparently no appreciable hepatic 
regulation on the insulin released from the splenie implants. 

There are no marked differences in the insulin action in rabbits between 
intramuscular and subcutaneous injections with regard to speed of onset and 
depth of hypoglycemia. 
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THE NATURE OF THE ACTION OF DIMETHYLAMINOETHYL 
BENZHYDRYL ETHER HYDROCHLORIDE (BENADRYL) : 
EFFECTS UPON THE HUMAN EYE 


RayMonp Harris, B.S., M.D., THomas HopGrk McGavack, B.A., M.D., F.A.C.P., 
AND Herpert Exias, M.D. 
NEw York, N. Y. 


HE antihistamine action of Benadryl has been well established,''’ and 

upon this much of its weaker antispasmodic effect may secondarily de- 
pend.* * *°? Beeause of its antagonism to the depressor and spasmogenie 
influence of acetylcholine, an atropine-like activity has been claimed.” * *° ' * 
The dryness of the mouth sometimes seen clinically may be a manifestation of 
this character. On the other hand, others have observed an increase in the 
pressor action of epinephrine,” although this has not been confirmed at the 
bedside.’® Symptoms and signs of sympathomimetic action are conspicuously 
absent in patients who have taken the drug in quantities up to 600 mg. daily." 
No increase in pulse rate or blood pressure is evident; dryness of the mouth 
and ‘‘inward nery- 


” 


is rare; and palpitation has not been noted. ‘‘Jitteriness 
ousness’’ are not only absent, but placidity and even drowsiness may occur ;”° 
when the drug is given orally or intravenously, it causes no dilatation of the 
pupil of the eye.’® Effort has been made in the present study to extend the 
observations in connection with the oral administration of the drug and to 
record the effects of the alkamine ether following its topical application to the 
eye, thereby clarifying certain points regarding the fundamental nature of 
its action. 
METHODS AND RESULTS 

The Effect of Orally Administered Benadryl.—The pupils of twenty ambu- 
latory subjects, without known disease of the autonomic nervous system or or- 
ganic disease of the eye, were observed before, periodically during, and after 
the use of benadryl orally in daily doses of 150 to 400 mg. for periods of time 
ranging from three to twelve weeks. Throughout the period of study, a con- 
stant diet was used, other drugs were not employed, and normal freedom of 
the hospital wards was allowed. Measurements of pupillary diameters with 
an especially adapted millimeter ruler were carried out under constant con- 
ditions of lighting, while the attention of the patient was directed to an 
object, the character and position of which did not vary. 


No perceptible change in pupillary size nor in the ability of the subject to 
read a Snellen chart were observed in any one of these subjects as a resu!t 01 
the administration of benadryl. 


From the New York Medical College, Metropolitan Hospital Research Unit. 
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The Effect of Topically Applied Benadryl.—-For these experiments, sixty 
ambulatory subjects were chosen at random, save for the exclusion of anyone 
with an organic disease of the eye or a clinically recognizable disturbance of the 
autonomie nervous system. The ages of these individuals ranged from 21 to 
65 years. All applications were made to the right eye; the ‘‘fore’’ reading 
and readings made on the left eye all served as controls. At no time in any 
one experiment was the size or accommodative capacity of the left eye per- 
ceptibly affected. One drop of a fresh 0.5 per cent aqueous solution was 
instilled at ten-second intervals for three doses, unless otherwise noted. All 
readings were taken at 0-, 15-, and 60-minute intervals, respectively, in relation 
to the instillation of the drug. 

The Influence of Benadryl Alone: A definite increase in the size of the 
pupil was observed in forty-eight of the sixty subjects, averaging approximately 
1.9 mm, at the end of one hour (Table 1). In the remaining twelve, no change 
was observed; the washing out effect of the excessive flow of tears may have 
played a part in this failure to react. 

As a rule, a maximum dilatation was present by the end of an hour and 
had begun to decrease quite noticeably within two hours. In only four patients 
was any dilatation still measurable at the end of twenty-four hours. 


TABLE I, CHANGES IN VISUAL APPARATUS OF SIXTY SUBJECTS FOLLOWING TOPICAL 
APPLICATION OF BENADRYL (0.5 PER CENT AQUEOUS SOLUTION ) 


INCREASED IN DECREASED IN UNCHANGED IN 
Pupillary size 48 0 12 
Visual acuity 0 12 48 
Accommodation 0 43 17 














Visual acuity, as determined by the Snellen chart read at a 20-foot dis- 
tance, was decreased in twelve subjects and unaltered in forty-eight (Table I). 
No attempt was made to correlate these findings with the presence or absence 
of astigmatism. Capacity for accommodation was tested separately for each 
eye before and sixty minutes after the instillation of benadryl with the aid of 
a Prinz accommodation ruler and a Jaeger reader No. 3. In each instance, the 
chart was moved toward the subject at a uniform speed from an easy reading 
distance. The point at which the chart became blurred and was no longer 
readable was accepted as the ‘‘limit of acecommodation.’’ Both before and 
after benadryl, the results of from three to six readings were averaged to 
obtain the final figure recorded. Patients unable to give reliable results prior 
to the instillation of benadryl were eliminated from the experiment. Forty- 
three of the sixty patients showed a decreased capacity for accommodation. 
The average “‘limits of accommodation”’ for these forty-three subjects before 
and after benadryl were 10.3 and 13.1 em., respectively. Corresponding figures 
determined for the entire group of subjects were 10.7 and 12.7 em., respee- 
tively. 

The Effect of Epinephrine Upon the Action of Benadryl: In these and 
subsecuent experiments, three drops of benadryl were used in the right eye, 
whereas only one drop of each of the other solutions, respectively, was em- 
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ployed. Whenever a second agent was tested (unless otherwise stated), it was 
given first, and readings were made at 0, 15, and 60 minutes, respectively. 
Immediately after the sixty-minute period, the benadryl solution was added 
with additional observations at 75 and 120 minutes, respectively. 

The results of these and all subsequent experiments on the size of the 
pupil, for which fifteen subjects were used, are summarized in Table II. In all 
instances, the size of the pupils in the ‘‘fore’’ period served as a control, and 
the diameter found has been expressed arbitrarily as 100. The ‘‘after’’ read- 
ings have been recorded as a percentage figure of this ‘‘normal.’’ In six pa- 
tients benadryl and epinephrine (0.001 per cent) were instilled, one immedi- 
ately after the other, to a total of three drops for each. The total ensuing 
dilatation was no greater than with benadryl] alone but reached its maximum 
earlier, that is, in fifteen minutes rather than in one hour. 

The mydriasis following a single drop of epinephrine was slight in degree 
and did not influence the response to subsequently instilled benadryl (Table IT). 

The Effect of Homatropine Upon the Action of Benadryl: One drop of a 
1.0 per cent aqueous solution of homatropine sulfate caused an average increase 
of 156 per cent in the size of the pupil of the right eye of each of fifteen subjects. 
The subsequent administration of benadryl caused a small additional average 
widening (169 per cent) (Table IT), although two of the fifteen patients did not 
respond at all. 


TaBLE IT. COMPARISON OF Errects Upon PUPILLARY SIZE OF BENADRYL AND OTHER AGENTS, 
SINGLY AND IN COMBINATION 





EPINEPH- EPINEPH- HOM- HOM- ESERINE 
RINE RINE ATROPINE ATROPINE ESERINE So, 
JECT BENADRYL Hol HCl PLUS So, SO, PLUS So, PLUS 
NO. (0.5%) (0.001%) BENADRYL (1.0%) BENADRYL (0.5%) BENADRYL 
1 100 100 100 200 200 25 
108 108 100 133 140 33 
160 102 140 175 200 17 
150 100 133 150 175 40 
100 100 100 150 150 38 
138 110 140 120 150 67 
127 100 129 167 187 25 
150 113 125 175 195 40 
120 100 140 160 165 Bo 
125 100 133 140 147 50 
120 100 133 167 177 33 
140 108 138 160 166 33 
124 104 122 180 192 57 
120 105 120 145 163 28 
123 102 119 128 130 51 


Average 127.0 104.1] 124.8  —:1566 169.1  ~—_—38.0 
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The Effect of Eserine Upon the Action of Benadryl: Eserine sulfate, pref- 
erably termed physostigmine sulfate (0.5 per cent) produced a characteristic 
miosis in which the average diameter of the pupillary aperture was reduced to 
38.0 per cent of its former size. In five of fifteen patients, the subsequent ap- 
plication of benadryl, under the conditions of the experiment, had no influence 
upon the pupillary opening, but the average increase in diameter for the entire 
group was of sufficient magnitude to augment the size of the pupil from 38.1 to 
47.6 per cent of its initial value (Table II). 
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CONCLUSION 


While certain variations of the previously mentioned procedures might 
permit more accurate measurements of the effects of benadryl upon the eye, 
the results of the dosage, time of application, frequency of observation, and 
methods of measurement arbitrarily employed have afforded data capable of 
elear interpretation. The partial paralysis of accommodation, the slight in- 
hibition of the miosis caused by eserine, and the furthering effect of benadryl 
upon the mydriasis produced by epinephrine and atropine all seem to point 
toward an atropine-like or vagal-paralyzant effect of benadryl when topieally 
applied to the eye. 

SUMMARY 

1. Orally administered dimethylaminoethyl benzhydry] ether hydrochloride 
(benadryl) in doses up to 400 mg. daily does not influence the size of the pupil 
of the eye. 

2. Benadryl topically applied to the bulbar conjunctiva in 0.5 per cent 
aqueous solution causes within fifteen minutes a moderate mydriasis of readily 
measurable proportions; this becomes maximal within one hour. The capacity 
for accommodation is simultaneously decreased. 

3. Epinephrine accelerates the action of benadryl upon the pupil but under 
the conditions of these experiments does not increase its intensity. 

4. Benadry!] furthers the mydriatic effect of homatropine and lessens the 
miosis produced by eserine. 


5. The probable nature of the ocular action of benadryl is mentioned. 
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LABORATORY METHODS 


CONSTANT FLOW GASSING CHAMBERS: PRINCIPLES 
INFLUENCING DESIGN AND OPERATION 


S. D. Sttver, Px.D. 
EpGrEwoop ARSENAL, Mp. 


INTRODUCTION 


ponte dynamic (or constant flow) chambers for the experimental 
gassing of animals or human subjects have been described previously,**° 
the basie principles underlying the operational behavior of such chambers have 
not been discussed. It is the purpose of this paper to present such a discussion. 
Experimental data for various gases are given in verification of the principles 
deseribed. 

DESCRIPTIVE 

A dynamie chamber is one through which air is continuously drawn at a 
fixed rate. The agent to be investigated is introduced into the affluent air as 
a vapor, smoke, dust, or fog. Animals to be exposed are introduced into the 
chamber through a door, after the desired concentration lias been established. 
The constant stream of air through the chamber renews the oxygen supply for 
the animals and removes the exhaled moisture and carbon dioxide. Conecentra- 
tions may be maintained by this system with comparative ease. 

However, it is essential that the agent be dispersed at a constant rate 
through the period of operation. The upper limit of coneentration obtainable 
is fixed by the physical characteristics of the disseminated chemical and the 
method of dispersion. A discussion of methods or apparatus for the dispersion 
of agents in various states is not within the scope of the present report. 

The flow of air through the chamber is maintained by a pump, usually in 
the effluent line, and is measured by an accurately calibrated orifice meter, 
rotameter, or similar device. To insure an even air flow, buffer tanks may be 
installed to eliminate the effect of pump pulsations. Since with the pump in 
the effluent line the pressure within the chamber is always slightly less than 
atmospheric, leakages outward from the chamber cannot occur. Thus, extremely 
toxic compounds ean be biologically assayed without danger to the experimenter. 


ESTIMATION OF CONCENTRATION 


‘oneentrations of agents in the chamber may be either caleulated theo- 
retically or determined by analysis. The theoretical or ‘‘nominal’’ concentra- 
tion, 1s it has been ealled in Chemical Warfare Service laboratories for many 
years. is ecaleulated from the quantity of agent introduced into the chamber per 
minuic and the rate of air flow through the chamber, as follows: 


agent flow in milligrams per minute 


inal concentration in milligrams per liter = s Zant : 
air flow in liters per minute 
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The validity of such nominal concentrations depends on the accuracy of 
measurement of both the rate of flow of the agent into the chamber and the rate 
of flow of air through the chamber, always provided that both of these flows are 
constant. 

The analytical concentration is measured by chemical or physical analysis 
of a sample of air drawn from the chamber. If the collection of the sample is 
complete and the method of analysis accurate, the analytical concentration is 
the actual concentration within the chamber at the time of sampling. Laek of 
agreement between the analytical and nominal concentrations may be due to 
one or more of the factors discussed herein. 


EQUILIBRATION 


When a vapor or gas is introduced at a uniform rate into a chamber through 
which there is a continuous flow of air, the concentration within the chamber 
increases until it is practically constant. If it is assumed that perfect mixing 
with the chamber air occurs, the concentration at any time may be ealeulated 
by the following modification of the usual ventilation equation” : 


Y Ww a 
( ee se ) 
- the concentration in milligrams per liter at time t 
Ww milligrams of agent introduced per minute 
a = the volume of the chamber in liters 
b = the volume of air passing through the chamber each minute. 
The percentage of the desired concentration Y obtained in time t is then 


b 


given by: 
Per cent — 100 (1-e*~ (2) 


From Equation 1, it is apparent that the chamber concentration, at first, 
rises rapidly and then approaches a constant value at infinite time. Conse- 
quently, for practical purposes, animals may be introduced into the chamber 
when the concentration reaches 99 per cent of the theoretically constant value, 
since the rise in concentration from that point is less than 1 per cent for any 
finite exposure period. The time required for equilibration of the chamber 
to 99 per cent may be calculated by setting Equation 2 equal to 99: 


100 (l-e*) = 99 


2 100 — 99 
ee a ae 
which, when transformed into logarithmie form, becomes: 


Re .. = In 0.01 = -4.6052 


‘ 
c 


= 0.01 


— 4.6052 5 
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Thus, if the size of the chamber (a) and the rate of air flow.(b) are known, 
the time for reaching 99 per cent of the theoretical concentration at infinite time 
can be estimated easily from Equation 3. 

This equation may be given the general form: 


é. de Se (4) 
b 


where x = per cent of nominal concentration attained in time t, and K = 
constant. 
Values of K for various values of x are 
x K 

99 4.605 

95 2.996 

90 2.303 

85 1.897 

80 1.609 


Experimental verification of this principle is presented as follows. 


In one series of experiments, chlorine was introduced at a constant rate 
into a 629 liter chamber, operated at three different constant air-flow levels, 
125, 250, and 500 liters per minute. Samples were drawn at regular intervals 
and analyzed until three analyses coincided. In Table I a comparison is made 
between these analytical concentrations, expressed as percentages of the final 


TABLE I. TIME TO REACH CONSTANT CONCENTRATION IN 629 LITER CHAMBER 





~ PER CENT FINAL CONCENTRATION 











ute. CHAMBER AIR FLOW | TIME re 
(LITERS PER MINUTE) (MINUTES) | OBSERVED CALCULATED 
hen 125 ==.” —— 33 


56 ats) 
70 70 
78 80 
84 86 
89 9] 
90 94 
99.5 96 
100 97 
100 - 98 
100 99 


56 55 
71 70 
80 S0 
90 86 
90 91 
94; 94 
97 96 
99 OF 
99 YS 
100 99 
100 > 99.2 
100. 99.4 
me Sy ; 30 
92 bao 
96 96 
99  , e . 
100 aie 99.2 
100 » [99.6 
100 99.8 


00 “AD CrP & po! 
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concentration, and the theoretical per cent of the constant value concentration, 
which should be reached at the time of sampling, as predicted by the use of 
Equation 2. The results, given in Table I, showed a close agreement between the 
observed and calculated values. 


In another series of experiments, dichlorodiethy] sulfide was dispersed into 
a 20,000 liter chamber which was operated at an air flow of 3,600 liters per 
minute in Table II, the actual per cent of the final concentrations found by 
sampling at regular intervals are compared with calculated values, as in Table 


I. The observed and ealeulated percentages also showed close agreement. 


TABLE II. TIME To REACH CONSTANT CONCENTRATION IN 20,000 LITER CHAMBER; 
Air FLow, 3,600 LitERS PER MINUTE 








TIME | PER CENT FINAL CONCENTRATION 
(MINUTES ) FOUND | CALCULATED 








2 33 30 
5 5 59 
8 76 

11 86 86 
14 9% 92 
17 ( 95 

20 ( 97 

23 99 








It may be seen from Equation 3 that t,, is independent of any previous 
concentration level in the chamber. Therefore, for any fixed chamber volume 
and air flow, the time required for a change from one state of equilibration to 
another is always the same. It is thus obvious that t,,, for clearing the chamber 
after stopping the flow of agent, is identical with the t,, for establishing the 
concentration. Moreover, if the concentration in the chamber is changed after 
equilibration, the time for attaining the new level also is the same as the 
equilibration time. 

For low air flows and high sampling rates, the rate of sample collection 
should be added as a correction to the chamber air flow for the most accurate 
ealeulations of equilibration time. However, when the sampling rate is less than 
1 per cent of the air flow, this correction may be considered negligible and can 
be omitted. 

Ideally, after equilibration, the analytical concentration should approx- 
imate the nominal concentration. Actually, perhaps because of surface effects 
within the chamber, there may be a significant discrepancy. 


SURFACE EFFECTS 


The interior surface of the chamber to which the agent is exposed may 
lower its-concentration because of absorption, adsorption, or chemical reaction. 
An illustration of surface effects is given by the following experimental daia. 
Concentrations of chloroviny] dichloroarsine were established in a 386 liter 
chamber operated at 250 liters per minute, After equilibration, samples were 
collected and analyzed by iodometric titration. In one series, the interior si'- 
faces of the chamber were coated with a cellulose acetate lacquer. In anotiier 
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series, the surfaces were covered with a ‘‘corrosion-proof’’ lacquer.* The re- 
sults are given in Table III, which shows that the cellulose acetate coating 
caused a much greater decrease in concentration than did the ‘‘corrosion-proof”’ 
lacquer. 

TABLE II’. Errect or TYPE OF SURFACE ON CHAMBER CONCENTRATION AGENT, 


CHLOROVINYL DICHLOROARSINE 








AVERAGE NOMINAL 
NUMBER OF | CONCENTRATION FOUND} 
SURFACE EXPERIMENTS (PER CENT) 
Cellulose acetate 8 13 
Cotoid 39 93 








This effect may be minimized by selection of the proper surface for each 
agent to be used in the chamber. Thus, the interior may be glass- or enamel- 
lined or lacquered. For most compounds, a corrosion-resistant lacquer is suffi- 
cient to prevent appreciable loss of concentration. However, it should be empha- 
sized that the presence of even small surfaces of rubber will decrease the con- 
centrations of certain organic vapors to a marked degree. For example, a 1 
foot section of 44 inch rubber tubing in the sampling line completely absorbed 
the chloroviny] dichlorarsine in a 10 liter sample containing 0.25 mg. per liter. 
The same sized section of rubber tubing thrown into a gassing chamber reduced 
the concentration of the same compound in the chamber by about 20 to 30 per 
cent. Similar effects of rubber have been noted with dichlorodiethy] sulfide and 
other organie¢ sulfides. In this laboratory, all rubber surfaces in the chamber and 
sample collection line are either coated with lacquer or are eliminated by using 
either ground glass joints or glass to glass connections in assembling sampling 
lines. Inasmuch as the type and extent of interaction of surface upon any par- 
ticular agent cannot be predicted, it is necessary to make analytical-nominal 
concentration comparisons to ascertain this effect before any experimental 
gassing is performed. 

The magnitude of any surface effect depends on the quantity of surface 
exposed per unit volume and is governed by the shape and size of the chamber 
and the presence of extraneous interior surface. The surface/volume ratio is 
a function largely of the size and shape of the chamber. A spherical chamber 
has the smallest surface/volume ratio. However, a cubical chamber is more easily 
constructed, and since it has a lower surface/volume ratio than the other rec- 
tancular shapes, it is the preferred form. Since the surface/volume ratio of 
either type of chamber is inversely proportional to the cube root of the volume, 
it decreases as chamber size increases. Obviously, protuberances and extraneous 
apparatus or accessories such as fans and lights, within the chamber, which 
increase the surface/volume ratio should be avoided wherever possible. 

‘ans, often used as a means of promoting even distribution of agent in the 
chai yer, have been found unnecessary in this laboratory. The air flow itself 
tend: to produce a completely satisfactory distribution, even in the absence of 
mix'»g bowls or other premixing devices, as shown by the following data taken 
from work of Wells.22 


aN 


otoid, Lithgow Corporation, Chicago, Ill. 
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A concentration of chlorine was established in a 629 liter eubie chamber op- 
erated at an air flow of 500 liters per minute. Samples were taken from nine 
locations, identified by number, within the chamber. Sampling point 1 was thi 
center of the chamber, while the other eight points were the eight corners. A 
series of experiments was performed in which samples were drawn simul- 
taneously from point 1 and one other point, after equilibration. Concentra- 
tions were calculated from the results of iodometrie analysis. It was found that 
the coneentration in the corners was the same as that in the center of the chamber 
for any given sampling time. The results are given in Table IV. 


TABLE IV. DISTRIBUTION OF CHLORINE IN CONSTANT FLOW CHAMBER 





| | CONCENTRATION CHLORINE FOUND 
SAMPLING POINTS (MILLIGRAMS PER LITER) 
0.97 
0.96 
0.94 
0.94 
0.97 
0.98 
0.98 
0.97 
0.97 
0.97 
0.98 
0.97 
0.97 
0.97 
0.98 
0.98 
0.97 
0.97 
0,98 
0.98 
0.97 
0.97 
0.97 
0.97 
0.97 
0.97 
0.97 
0.97 
0.97 
0.96 
0.97 
0.97 
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RELATION OF DOOR SIZE TO AIR INLET 


Concentration losses may oceur if the chamber air inlet is too small in re!a- 
tion to the size of the door. 


When the door of a gassing chamber is opened, air enters through the door 
as well as through the inlet. The proportion of the total air entering the chamber 
through these openings is governed by their proportional cross sectional areas 
and may be calculated. 

One of the small animal chambers in this laboratory has a cireular air in'ct 
2 inches in diameter (cross-sectional area — 3.1 square inches) and a squire 
door measuring 7 by 7 inches (cross-sectional area = 49 square inches), Wien 
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the door is opened for inserting or withdrawing animals, 6 per cent of the 
chamber air flow enters the inlet, and 94 per cent enters the door opening. This 
particular chamber is usually operated at an air flow of 250 liters per minute. 
Thus, during the time the door is open, 235 liters per minute enter the door and 
15 liters per minute enter the inlet. If an agent is being vaporized by means of 
air or inert gas, or is being dispersed in the gaseous state, the agent flow is 
limited to 15 liters per minute. Any flow in excess of that is not drawn into the 
chamber but is blown back into the room. 

Although in actual operation the door of the chamber remains open only 
a brief period of time, this factor has an important influence on chamber be- 
havior. Since the time required to restore the concentration to its previous 
level is the same as that for the original equilibration, a significant decrease in 
chamber concentration may cause serious errors for short exposure periods. 

To promote turbulence and good mixing in the chamber, the agent inlet 
should be small enough to insure a rather high rate of linear flow. This limits 
the door size to a maximum eross sectional area determined by the desired agent 
flow and the chamber air flow. With higher rates of air flow, larger doors may 
be permitted, but the ease of setting up concentrations is thereby decreased 
because of the attendant necessary increase in rate of agent volatilization. 


EFFECT OF ANIMALS OR SUBJECTS 


Animals or subjects within a chamber have an effect upon the concentra- 
tion because of the additional surtace presented. This is demonstrated by the 


following experiments. 

Clothed and naked men were exposed to various established concentrations 
of dichlorodiethyl sulfide vapor in a 20,000 liter chamber operated at an air 
flow of 3,600 liters per minute. The entry of the men into the chamber caused 
an almost immediate drop in the concentration which then remained for the 
duration of the exposure (from 10 to 120 minutes) at its new lowered level. 
The concentration drop was much more pronounced with clothed men than with 
naked men beeause of differences in the nature and quantity of the added sur- 
face. The data are presented in Table V. 


TABLE V. CONCENTRATION Drop DUE TO SURFACE OF SUBJECTS 





“are ] AVERAGE CONCENTRATION 
CONCENTRATION DROP 

NUMBER OF | NUMBER OF DROP PER SUBJECT 

SUBJECTS EXPERIMENTS | (PER CENT) (PER CENT) 
10 22.3 
29 26.7 
13 8.0 
10 11.8 











TABLE VI. CONCENTRATION DROP DUE TO SURFACE OF ANIMALS 








AVERAGE CONCENTRATION DROP 
NUMBER OF CONCENTRATION DROP PER MOUSE 
MBER OF MICE EXPERIMENTS (PER CENT) (PER CENT) 
20 26 Le 0.9 
10 2 10 1.0 
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In another series of experiments, placing mice in a 386 liter chamber op- 
erated at an air flow of 250 liters per minute, produced a drop in the previously 
established chamber coneentration of chloroviny] dichlorarsine. The results 
are shown in Table VI. 

To minimize surface effects due to animals, the volume of the chamber 
should be large compared with the volume of the animals exposed. It has been 
found in this laboratory that excessive concentration lowerings occur when the 
volume of the animals is more than 5 per cent of the chamber volume. 

The rate at which animals or subjects enter the chamber may also cause a 
drop in the concentration. The volume of animal or subject entering per unit 
time must be less than the volume of air entering the door, if displacement of 
chamber air into the laboratory is to be avoided. 

Some examples will illustrate this point. In a large chamber used in this 
laboratory for human exposures, at an air flow of 4,000 liters per minute, 98.38 
per cent or 3,932 liters per minute enter through the door when it is opened. 
This is equivalent to 65.5 liters per second. An average man, having a volume 
of about 70 liters, would therefore enter in not loss than 1.07 seconds. In usual! 
practice, about 1.5 seconds are allowed for each man entering the chamber. 

A smaller chamber used for exposures of small animals is usually operated 
at an air flow of 250 liters per minute. When the door is opened, 4 liters per 
second enter the door. Twenty mice, occupying a volume under 0.5 liter, can 
be inserted in as quickly as 0.125 second without displacing the air. How- 
ever, six rabbits, with a volume of about 12 to 15 liters, must be introduced over 
a period of from three to four seconds. 


DISCUSSION 

Serious errors in gassing experiments may be made if exposures are initi- 
ated before equilibration. Probably the greatest contributor to such errors is 
a misinterpretation of the term ‘‘air change.’* An ‘‘air change’’ is said to 
occur when a volume of air equal to the volume of the chamber has passed 
through the chamber. However, one ‘‘air change’’ does not completely renew 
the chaimber air, but, from Equation 2, should change the concentration within 
by only 63.2 per cent. From Equation 3 it is obvious that the time for one ‘‘air 
change’’ must be multiplied by a factor of 4.605 before even 99 per cent of the 
air change’’ is therefore mis- 


ee 


expected change can be accomplished. The term 
leading, especially to the uninitiated, and should be eliminated from gassing 


terminology. 

It is hoped that this exposition will be of help to those who have noted 
apparently irregular behavior in gassing chambers. A knowledge of the priv 
ciples previously discussed should clarify many of these anomalies. The way 1» 
which concentrations build up has been discussed, and emphasis is to be place: 
upon the importance of the equilibration time. However, the effects of othe 
factors on concentrations after equilibration cannot be neglected and may cause 
considerable deviations from ealeulated results. It is therefore necessary tha! 
regular analyses of chamber concentrations be made for the constant inform 
tion of the operator. 
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SUMMARY 


The principles discussed in this paper may be summarized as follows: 

1. The air flow through the chamber influences: 

(a) The time for equilibration to 99 per cent of theoretically constant con- 
centration. 

(b) The concentration which ean be established for any given agent. 

(c) The speed at which animals or subjects may be inserted. 


2. The size of the chamber influences: 

(a) The time for equilibration. 

(b) The loss in concentration due to surface effects. 

(ec) The number of animals or subjects which can be exposed at one time. 

3. The character and quantity of the interior surface of the chamber in- 
fluence the loss in concentration due to surface effects. 

4. The shape of the chamber influences the surface/volume relationship, 
and thus the loss in concentration due to surface effects. 

5. The relative areas of air inlet and door opening influence the maximum 
rate of agent dispersal. 

6. The number and size of the animals influence: 


(a) The rate of insertion of animals into the chamber. 
(b) The loss in concentration due to surface effeets. 
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THE SIMPLE ESTIMATION OF BLOOD KETONES IN 
DIABETIC ACIDOSIS 


Rosert M. Dum, M.D., anp Reetnaup A. Suipiey, M.D. 
CLEVELAND, OHIO 


[* CANNOT be too strongly emphasized that diabetic acidosis demands early 
diagnosis and prompt treatment. Occasions arise when clinical appraisal of 
the patient is inadequate for positive diagnosis. Emergency determinations of 
blood glucose and carbon dioxide combining power are sometimes employed. 
A high blood sugar level, however, is not diagnostic of acidosis, and a reliable 
determination of CO, is not always obtainable in an emergency. Because there 
is a parallel between the blood ketone level and the severity of diabetic acido- 
sis, a simple clinical method for the estimation of blood ketones would be of 
distinet value. 

Routinely, the urine is tested for acetone and diacetic acid. Several 
authors have suggested the use of a dry powder for the qualitative detection 
of these compounds.'* A drop of urine added to the powder gives a prompt 
and distinctive purple color when acetone is present.* There are a number of 
diabetic patients whose disease is severe and who frequently show large 
amounts of sugar in the urine. Under the influence of a slight infection, these 
patients may rapidly develop a diabetic acidosis. Since the early detection 
of ketonuria, when followed by prompt therapy, will do much to prevent the 
onset of clinical acidosis, we have found it worth while to provide the patients 
with more severe diabetes in our clinic with this powder. The test is simple 
and inexpensive and need only be used when the routine test for sugar indi- 
cates excessive glycosuria. 

We have studied the application of this test to the determination of blood 
ketones, and it has been found that the same color reaction will appear when 
serum of a high ketone content is added to the powder. The minimal blood 
level of total acetone bodies giving a definitely positive test is approximately 
10 mg. per 100 ¢.c. as determined by the method of Shipley and Long.* Thus, 
the test can quickly be made quantitative by the successive dilution of serum 
with distilled water. The last dilution to give a positive reaction, when multi- 
plied by ten, will give the blood ketone level within an accuracy of plus or 
minus 10 mg. per 100 ¢.c. For example, if the undiluted serum has been shown 
to give a positive test, then 1 ¢.c. is mixed with an equal amount of water. Ii 
a positive reaction is still present, additional portions of water are added until 
the test becomes negative. In a given sample, the last positive dilution mig!t 
contain 1 ¢.c. of serum and 6 ¢.c. of water. This would represent a dilution of 


From the Lakeside Hospital and the Department of Medicine, Western Reserve University 
School of Medicine. 
Received for publication, July 2, 1946. 
*Our own formula for the powder has been: 
Sodium nitroprusside, 1 Gm. (very finely ground) 
Ammonium sulfate, 20 Gm. 
Anhydrous sodium carbonate, 20 Gm. 
The three ingredients are mixed completely but are not ground together. The compound 
should be kept dry at all times. Stability has been shown to be complete for over one yea” 
The test is performed by placing a small pinch of the powder, 5 mm. in diameter, om 4 
white filter paper. One drop of urine or serum gives a prompt violet color reaction which 1s 
absorbed into the paper and which may last for several hours. 
A powder of somewhat similar composition is available commercially. 
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1 part in 7, and the result would be approximately 70 mg. per 100 ¢.c. If only 
one drop is removed after each succeeding dilution, the error introduced by 
withdrawal of the test sample will be less than 5 per cent. 

The value and relative aceuracy of this simple test have been shown in the 
diagnosis and treatment of diabetic coma at Lakeside Hospital. It has been 
the practice recently to follow the blood ketone levels during active therapy 
in diabetic acidosis. In some twenty-five instances, the values of the simple 
spot test have been shown to correspond to the more accurate simultaneous 
micro determinations with an error seldom exceeding 10 mg. per 100 ¢c.c. The 
range covered has been from 0 to 100 mg. per 100 cc. It is true that the micro 
test determines total ketone bodies while the test with the powder measures 
only acetone and diacetice acid, yet the numerical values have been valid in the 
range mentioned. This accuracy has been so consistent that it has become 
routine to use the test when there is any doubt as to the severity of ketosis. 
By virtue of its rapidity and simplicity, it has proved more valuable than the 
emergency determinations of CO, combining power in providing immediate 
laboratory confirmation. 

In the diagnosis and treatment of diabetic acidosis, the following seems to 
be worth emphasis. With a typical history and findings, diagnosis presents no 
problem. Often, however, the history is not typical. More important, the 
presence or absence of acetone in the urine may not indicate the actual blood 
ketone level. It has been pointed out that in renal failure, ketonuria may be 
minimal in spite of severe ketonemia. Furthermore, in patients without renal 
failure but with diminished kidney function, the threshold for ketone excretion 
may be abnormally high. Thus, the previously mentioned test which measures 
blood ketone levels will be considerably more useful than a test for acetone in the 
urine. It has also been valuable in quickly separating true diabetic acidosis from 
those eases in which a poorly controlled diabetes has been accompanied by a sur- 
gical abdomen, by vomiting, or by coma from other causes and in which blood 
ketones have not been high. In these latter cases, the vigorous therapy de- 
manded in true diabetie acidosis is not needed, and the necessary surgical 
therapy can proceed promptly. Ketone levels in these cases seldom exceed 
20 mg. per 100 e.c., while those of diabetie acidosis are invariably over 50 mg. 
per 100 e.e. 

SUMMARY 


Acetone bodies in serum may be estimated within an error usually not 
exceeding 10 mg. per cent by the use of a simple technique employing a nitro- 
prusside powder. The method is particularly useful for the prompt differen- 
tiation of minimal ketonuria due to minimal ketonemia, as contrasted with 
cases of a high renal threshold resulting from depressed renal function in 
which minimal ketonuria may be associated with severe ketonemia. 
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ANNOUNCEMENT 


The first session of the Pathology Study Section of the National Institute of Health’s 
Research Grants Division was held at the Institute in Bethesda, Md., on Aug. 16, 1946, 

The Pathology Study Section, which is one of more than twenty groups of outstand- 
ing consultants advising in the whole field of medical research, is comprised of the follow- 
ing men: Dr. Paul Cannon, Chairman, University of Chicago, Chicago, Ill.; Dr. W. A. 
DeMonbreun, Vanderbilt University, Nashville, Tenn.; Dr. W. H. Feldman, Mayo Founda 
tion, Rochester, Minn.; Dr. W. D. Forbus, Duke University, Durham, N. C.; Dr. H. Gold 
blatt, Cedars of Lebanon Hospital, Los Angeles, Calif.; Dr. J. S. MeCartney, University 
of Minnesota, Minneapolis, Minn.; Dr. A. R. Moritz, Harvard University, Boston, Mass.; 
Dr. A. Rich, Johns Hopkins University, Baltimore, Md.; Dr. J. F. Rinehart, University of 
California, San Francisco, Calif.; Dr. H. P. Smith, Columbia University, New York, N. Y.; 
representatives of the Surgeons General of the United States Army and United States 
Navy, members of the Medical Department of the Veterans’ Administration, and Dr. R. D. 
Lillie, National Institute of Health, Bethesda, Md., as Executive Secretary. 

A number of projects were considered and recommendations made to the National 
Advisory Health Council for final action. The Section members agreed unanimously that 
individually they would promote necessary research in the field of pathology by private 
suggestions but would not make any collective attempts to impose research projects on 
investigators or institutions. They also approved the attitude of the Public Health Service 
that the scientific freedom of the research investigators must not be restricted in any wey. 

Application forms for Grants-in-Aid may be obtained from the Chief, Research Grants 
Division, National Institute of Health, Bethesda 14, Md., and for prompt action should be 
filed well in advance of the quarterly meetings of the Study Section concerned. 

The next meeting of the Pathology Study Section was scheduled for an early date 
in November, 1946. 





